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(54) Drum type drying/washing machine 



(57) A drum type drying/washing machine for per- 
forming washing through drying, composing: a drum, in- 
corporated rotatably inside the machine body, for ac- 
commodating laundry; a driving means for rotationally 
driving said drum an air-blowing means for bringing air 
exhausted f rom said drum again into said drum through 
a circulating passage; a dehumidifying means for dehu- 
midifying the air inside the circulating passage by cool- 
ing the air using cooling water; a heating means for heat- 
ing the air dehurnidi'ied by said dehumidtfying means; 
an exhausted air temperature detecting means for de- 
tecting the temperature of the air exhausted from said 
drum, and a control means for controlling said driving 
means and said heating means based on the tempera- 
ture detected by said exhausted air temperature detect- 
ing means, wherein said control means controls said 
heating means to turn on the electricity at a final dehy- 
dration operation prior to shifting to a drying operation 
and controls said driving moans such that dehydration 
is performed even during the drying operation 
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Description 

BACKGROUND OF THE INVENTION 

b ;l) F:eld of the invention 

[0001] The present invention relates to a drum type drying/washing machine which is able to singly perform washing 
through drying laundry, and holds the laundry in a drum which s driven :o rotate about a horizontal shaft ana dries it 
by coolmg-dehumidication us ng cooling water while performing dehydration by a high speed rotation of the arum 
jo [0002] Further the present invention relates to a drum type drying/washing machine that performs washing and 
dehydrating (and optiorally drying) fabrics such as clothes etc. as well as that only performs a drying operation 

■2) Description of the Prior An 

is [0003] In conventional drum type driers, for example drum type full automatic drying/washing machines, a method 
called 'cooting-dehumidication' has been known in which drying is performed by using air ventilation heating and water 
cooling as soon as the drying operation is started. There has not been any known method in which drying is performed 
by slopping the flow of cooling water for a predetermined period of time immediately after the drying is started, in which 
dehydration by high speed drum rotation will be performed during drying, or in which clothes are relocaled during drying 
by performing a high speed drum totat-on 

[0004] There is a metnod which can reduce the power consumption of the heater near the end of the drying process 
but no method has been found which stops and starts the flowing of cooling water at intervals whilst reducing the power 
consumption of the heater 

[0005] Accordingly, in tho conventional drum typo driers of trs kind, much water and time were needed for drying 
and still there was a problem that drying unevenness would occur depending on the locations of clothes. 
[0006] In the drum type drying/washing machine, detergent and water are supplied after laundry has been loaded 
to the loading port for laundry. Then, after washing, the washing liquid is drained and dehydrated Subsequently, the 
laundry is supplied with water, rinsed and dehydrated. At the final stage, the laundry undergoes the heat drying treat- 
ment using a heater 

30 [0007] A high-temperature, low-humidity air which is obtained by the heat treatment using the heater is supplied into 
the drum through an orifice located above the loading port of the drum type drying/washing machine so that, whilst the 
laundry s heated damp contained in the laundry is removed to oe exhausted from the drum. The exhausted air which 
now has become of high temperature and high humidity is transported through a duct around which cooling water is 
supplied from above the duct, so that the mo-sture in this air is condensed by the cooling water, thus the air becomes 

35 of low temperature and low humidity. This air is further sucked out by a fan to the drying heater. The thus delivered air 
is heated to be of high temperature and low humidity, then is blown into the drum through a blower port. 
[0008] The above conventional drum type drying/washing machine however, needed a long running time. Specifi- 
cally, for drying/washing a 2 kg laundry it took 162 min. in total 72 mm for washing and 90 min for drying. For a 3 kg 
laundry, it took 222 min. in total, 80 min. for washing and 142 mm for drying. 

40 [0009] Japanese Patent Application Laid-Open Sho 61 No.234897 has proposed an idea in which the dehydration 
rate is increased oy taking in hot air which is discharged from a clothing drier into the dehydrating container of a two- 
tub washing machine. However, this proposal is not practical 

[0010] Further, in accordance with conventional drum type washing machines, the drum is made to turn at such a 
low speed that materials to be processed are able to move during washing, whereas dehydration is performed by 
rotating the drum at such a high speed tnat the mate r ials to be processed are stuck to the interior peripheral wall surface 
of the drum. However, such the control suffers from a problem that if the materials to be processed are distributed 
unevenly inside the drum, anomaly vibrations might occur. Various methods have been proposed to solve this problem. 
[0011] For example, Japanese Patent Publication Sho 49 No 9506 has proposed a drum type washing machine 
wherein provided is a detector which detects the horizontal vibrating amplitude of the arum, over a certain period of 
50 time longer than one-cycle (one revolution) of the drum when the drum is rotated at a low rate, and based on the 
detected result, only if the average of the detected values is not more than a predetermined value, the driving state of 
drum will be transferred to a high speed rotation mode. 

[0012] Japanese Patent Publication Sho 50 No 1 6099 has proposed a drum type washing machine wheretn provided 
is a aetectcr which detects the horizontal vibrating amplitude of the drum so that this detector wit aetoct the vibrating 
55 anpltude of the wa:or tar* containing the drum aurng the rotation at a low rate and only f :he magnitude of the 
vibrating amplitude :s rot mo ^ than a predetermined value and the state is continued over a certain period of time 
longer than one cycle (one revolution) of tno or u m the driving stnle ot the drum is transferred to a nigh speed rotation 
mode 
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[001 3] ^apancpe Patent Application Laid-Oppn Hei 3 No 861 97 has proposed a drum type washing machine wherein 
the drum is rotated for pre-dehybrat'on at a rate in betwee~ thai of tne low speed Urn for washing and the high speed 
rotation 'or dehydrating, and only if the variation of the detected value ourputted from a rotational speed detecting 
means which detects the r otationa: speed o f the drum ;s net rr.o*e than a previously selected value, the driving state 

5 of the drum is transferred to a high speed rotation mode. 

[001 4] it is true that all the above conventional configurations have some effect at drastically reducing the occurrence 
of anomaly vibrations, but they are still not able to ensure the prevention of anomaly vibrations at every case. Specif- 
ically, in the former two configurations, the materials to be processed would roll over in the drum during the low speed 
turn Therefore, the drum could not become stabilized but would constantly change in its vibrating amplitude even 

»o within one revolution Accordingly, if the driving state of the drum is transferred to the high speed rotation mode while 
the mean value o f the vibrating amplitude is not more thar a predetermined value, there is no assurance that the drum 
will be set into the high speed rotation moae whilst mainta nirg an even distribution. Although these configurations lent 
themselves to suppress significantly abnormal vibrations to a certain level, the effect was not sufficient to further elim- 
inate lower level vibrations. 

*5 [0015] On the other hand, in the latter configuration, the materials to be processed would roll over during the pre- 
dehydrating rotating whilst sticking to and peeling off the inner peripheral wall of the drum. That is, the materials to be 
processed most of the time wouid not be stuck permanently to the inner peripheral wall of the drum Since the variation 
of unbalance is detected approximately each revolution at this rotational rate, it will be delayed about one revolution 
behind when the driving stale of the drum is transferred to the high speed rotation mode. During this time, if the materials 

20 to oe processed roll over, the driving state of the drum may not always transfer to a high speed rotation mode keeping 
the operation of the drum normai 

[0016] Thus, in the conventional configuration, since the vibration of the drum was detected at a rotational speed 
when the materials to be processed in the drum were constantly rolling over when the vibration of the drum was 
detected to be low it was not certain whether the driving state of the drum could be transferred into the high speed 

25 rotation mode whilst the drum was kept at that state. That is there was a time lag or delay between the time when it 
was judged whether the drum could be transferred to the high speed rotation mode and the time when the drum was 
actually transferred to the high speed rotation mode During this span of time, the state of the materials to be processed 
might have changed, so that il was impossible to transfer the driving state of the drum to the high speed rotation mode 
whilst the vibration was being maintained lower than a designated level. 

30 [0017] The above problems are not limited to the scope of the drum type washing machines, but drum type driers 
dedicated only to drying as well as other drum type rotary processing apparatuses have suffered from similar problems. 

SUMMARY OF THE INVENTION 

35 [0018] It s therefore an object of the present invention to provide a drum type drying/washing machine which con- 
sumes less amount of water and is capable of drying laundry evenly within a short period of time 
[001 9] It is another object of the present invention to provide a drum type drying/washing machine which is improved 
in the efficiency of dehydration in order to shorten the time for drying. 

[0020] It s a further object of the present invention to provide a drum type drying/washing machine which can ac- 

-fo celerate a drum to a high speed rotation when the drum vibrates at a designated vibration level 

[0021] In accordance with the first aspect of the present invention, there is provided a drum type drying/washing 
machine for performing washing through drying which comprises: a drum incorporated rotatably inside the machine 
body a driving means for rotationally driving the drum; an air-blowing means disposed on a circulating passage which 
joins an exhaust port with an intake port of the drum: a dehumidifying means for dehumidifying air inside the circulating 

^5 passage by cooling the air using cooling water; a water-flowing means for flowing the cooling water; a heating means 
for heating the air dehumidified by the dehumidifying means and a control means for controlling the driving means to 
rotate the drum at the same time a drying operation starts, the air-blowing means to blow out a dry air, the heating 
means to heat the dry air and the water-flowing means to stop flowing the cooling water during a predetermined period 
of time or t me determined in accordance with an amount o* clothes so as to perform drying and to start flowing the 

50 cooling water after the time passes so as to perform drying with cooling-dehumidication. 

[0022] Since the drum type drying/washing machine of the invention is configured as described above, it is possible 
to save cooling water for cooling-dch umidtcation by stopping the flow of the cooling water immediately after the drying 
operation is started The time for stopping the flow of the cooling water after the start of the drying operation is deter- 
on ned in accordance with tne amount of clothes thus making it possible to save a required amount of the cooling water 

55 based o" the amount o f clothes 

[0023] In accordance with the second aspect of the invention there is provided a drum type drying/washing machine 
which comprises a drum accommodating laundry and having a number of holes on the peripheral wall thereof and a 
baffe fo r agitating laundry: a water tank enclosing the drum and supporting the drum rotatably about a horizontal axis; 
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a driving means for .mpartmg dr vine; force to 'date the drum n normal ana reverse directions n heating means foi 
heating air tc oc suppl:ca to the drum and * cont'd mca^s fc controlling the d-iving ~ea~s s~er> that the drum is 
rotated for a predetermined pened of time at a high speoa cce j- a plurality of times n croer to denyorate the laundry 
which has been heated by a warm air at the :nit:a: stage of r. d r y;ng ooeration. 
5 [0024] in the above second configuration, after the competior of tne oehydration bv the high speed rotation, the 
ccntroi means controls the drving means such that the arum is stopped for a predetermined per od of time and then 
is rotated in the reverse directior at a low speed in order to separate the laundry sticking to the peripheral wall of the 
drum 

[0025J Since the drum type drying/washing machine of the invention is configured as described above, it is possible 
w to shorten the time for orying using such a simple methoa that tnc drum is made to rotate at a nign speed at the initial 
stage of the drying and heating operation. In this configuration, the motor and other components for stating the drum 
are unlikely to be loaded because the drum is merely rotated at a high speed at the beginning of the dryirg and heating 
operation ^he drum is stopped for a while after the high speed station, and it is then rotated in a reverse direction for 
seme time Therefore, the clothes will not stick to the drum and thus it becomes possible to perform the drying operation 
15 efficiently 

[0026] in accordance with the third aspect of the invention there is provided a drum type drying/washing machine 
for performing washing through drying which comprises a crum incorporated rotatably inside the machine body for 
accommodating laundry, a driving means for rotationally driving the drum; an air-blowing means for bringing air ex- 
hausted from the drum again into the drum through a circulating passage: a dehumidifying means for dehumidifying 

20 the a r inside the circulating passage by cooling the an using cooling water; a heating means for heating the aii dehu- 
midified by the dehumidifying means, an exhausted air temperature detecting means for detecting the temperature of 
the air exhausted from the drum and a control means for controlling the driving means and the heating means based 
or the temperature detected by the exhausted air temperature detecting means, wherein the control means controls 
the heating means to turn on the electricity at a final dehydration operation prior to shifting to a drying operation and 

?5 controls the driving means such that dehydration is performed oven during the drying operation. 

[0027] Since tho drum type drying/washing machine of the invention is configured as described above, the heating 
means is turned on the electricity at the final stage of the dehydration operation before shifting to the drying operation. 
Therefore the laundry is dehydrated with heating so as to raise The temperature of the laundry and to lower the viscosity 
of water in the we: laundry Accordingly the laundry can be dehydrated more effectively as compared with the efficiency 

'Jo of dehydration at a similar level of a rotational rate, and thus it is possible to shorten the time for drying. 

[0028] In accordance with the fourth aspect of the invention, there is provided a drum type drying/washing machine 
which comprises: a drum, supported rotatably inside a housing, for accommodating materials to be processed; a driving 
means for rotationally driving the drum; a control means for controlling the driving means to shift to a high speed rotation 
after the drum is rotated at a low speed at which the materials to be processed can roll over inside the drum: and an 

35 unbalance detecting means for detecting uneven distribution of the materials to be processed inside the drum, wherein 
the control means controls the driving means such that the drum s rotated in a low speed rotation at a balance rotational 
rate at which part of the materials to be processed around the rotary central axis of the drum can roll over, and the 
control means allows the driving means to accelerate the drum to the high speed rotation only when output from the 
unbalance detecting means is equal to or less than a predetermined level. 

40 [0029] Since the drum type drying/washing machine of the invention is configured as described above, the drum is 
rotated at an approximately upper limit below which the materials to be processed can roll over, and the judgment for 
accelerating the drum to the high speed rotation (mode transition) is to be made at this rotational rate Accordingly, the 
materials to be processed will stick to the peripheral wall of the drum immediately after the moae transition. Therefore, 
it is possible to accelerate the drum to the high speed rotation when the drum is vibrating at a designated vibration 

43 level. As a result, it is possible to reduce the unbalance due to the uneven distribution of the materials to be processed. 
This means a reduction of vibrations and thus it is possible to reduce the weight of the machine 
[0030] In accordance with the fifth aspect of the invention there is provided a drum type drying/washing machine 
which comprises a drum, supported rotatably inside a housing, fur accommodating materials to be processed; a driving 
means for rotationally driving the drum, a control means for controlling the driving means to shift to a high speed rotation 

*o after the drum is rotated at a iow speed at which tne materials :o be processed can roll over inside the drum: and an 
unbalance detecting means for detecting uneven distribution of the materials to be processed insice the drum, wherein 
the control means controls the driving moans s^ch that the drum s rotated in a low speed rotation at a balance rotat onal 
rato above which the materials to bo processed ris a whole st ck to tho nner peripheral wall of the drum and the control 
means allows the drivng means to accelerate the drum tu « h gh speed rotation when output f rom the unbalance 

55 detecting means is equal to or less than a predetermined level 

[0031] Since the drum type drying/washing machine of the invention is configured as described above unbalance 
of the materials to be processed in the drum is modified whilst the drum is rotating at the balance rotational rate so as 
to find out a lew unbalanced condition ^herefo'e. it is possible to make a better correlation between the low speed 
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rotation and the high spaed rotatior th^s mak rg il possnle to per*nrnr! Tansition to the h:gh soeed rotat on with low 
v.cratiors In this way. it is possible to reduce the unbalance due to an uneven diStnoution of the materials to be 
processed. "I'his means a reduction of vibrations and thus it is possible to reduce the weight of the machine. 
[0032] Further advantages and features of the invention as well as the scope nature and utilization of the irvention 
w.II become apparent to those skilled in the art from the description of the preferred embodiments of the inversion set 
forth below 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0033] 

Fig 1 is an overall perspective view showing an embodimert of a drum type drying/washing machine of the inven- 
tion 

Fig.2 is an overall sectional side elevation showing the drum type drying/washing machine o- Fig. 1 ; 
Fig.3 is a circuit block diagram for a drum type drying/washing machine of the invention: 
Fig.4 is a time chart for a drum type drying/washing machine of the invention; 

f ig 5 is a chart showing a relation between the pre-selected time and the determined amount of clothing in ac- 
cordance with an embodiment of a drum type drying/washing machine of the invention; 

Fig. 6 is a chart showing a relation between the pre-selected time and the determined amount of clothing in ac- 
cordance with anotner embodiment o f a drum type drying/washing machine of the invention, 
Fig. 7 is an overall perspective view snowing another embuaiment of a drum type drying/washing machine of the 
invention 

Fig. 8 is a schematic wiring diagram showing another embodiment of a drum type drying/washing machine of the 
invention: 

Fig.9 is a graph showing change in the surface temperature of laundry with the passage of time during the drying 
operation; 

Fig. 1 0 is a graph showing how a viscosity of water will change depending on the temperature; 

Fig 11 is an overall perspective view showing another embodiment of a drum type drying/washing machine of the 

invention; 

Fig. 12 is an overall sectional side elevation showing a drum type drying/washing machine of Fig. 11; 

Fig.1 3 is a circuit block diagram showing a relation between a control circuit and peripheral devices of a drum type 

drying/washing machine of Fig.11; 

Fig. 1 4 is a graph showing change in the exhausted air temperature from the drum of Fig. 1 1 with the passage of time; 
Fig.1 5 s an overall sectional side elevation showing another embodiment of a drum type drying/washing machine 
of the invention; 

Fig.1 6 is a schematic view showing the attachment position of a vibration sensor; 

Fig.1 7 is a block diagram showing a vibration detecting circuit when an acceleration sensor is used as the vibration 
sensor 

Fig 1 8 is a circuit diagram showing a basic circuit of a low pass filter; 

Fig 1 9 is a block diagram showing a vibration detecting circuit when a displacement sensor is used as the vibration 
sensor 

Fig. 20 is a block diagram showing an electronic controlling circuit for a drum type drying/washing machine of the 
invention: 

Fig 21 is a flowchart showing the operation in the dehydrating stage of a drum type drying/washing machine of 
the invention 

Fig. 22 is a flowchart showing the operation in the dehydrating stage of a drum type drying/washing machine of 
the invention 

Fig.23 is an illustration showing the concept of sampling the P-P value from the output waveform from acceleration 
sensor 

Fig.24 is a flowchart showing the operation in the dehydrating stage of a drum type orying/washing machine of 
the invention and is a variational example of the flowchart shown in Fig.21; 

Fig.25 is an illustration showing tho concept ot sampling the P-P value from the output waveform in accordance 
with the flowchart in F:g 24 

Fig 26 is a chart show ng the pattern of controlling the rotational speed of the drum: 

Fig 27 is a chart for explaining the reason wny 70 r.p.rr is preferred as the rotational rate at the time of the judgment 
for mode transition 

Fig 28 is a chart show ng vibration wavetorms from the accelerat on sensor at different rotational rates; 

Fig. 29 s a diagram expla ning a vibrating waveform obtained from the acceleration sensor and a timing of setting 
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tno irum infn rhr* high speed mnae as wol' co nd si :0ns n' *h^» iH..ndry inside the rir\;m 

Fig. 30 is a char; snowing an expenmcnta :cs^il f o: exp n.r ng ai effect when the -otationa. acceeral;on o' the 
c r Lm is maao iargc 

Fig 31 is a chart showing an expcnmenta result i n a d-jr- lyjje eying/washing mach nc of the invention. 

Fig 32 is a flowchart showing the operation n the dehydrating staqe of a drum type drying/washing machine when 

laundry cannot be separated and a large ureven distribution of weight is occurred: 

Fig 33 ts a chart showing a comparison of the output waveform from the acceleration sensor and the output wave- 
form from the low pass filter and explaining an example of a time lag between the time at which motor starts to 
be accelerated and the time at which the drjm starts to oc accelerated: 
Fig. 34 is a chart for explaining the concept of how a ser es o* P-P values arc sampled 

Fig 35 is a chart showing a case where the vibrating waveform from the acceleration sensor is in the corvergirg 
t'end 

Fig 36 is a flowchart showing the operation during the dehydration stage of a drum rype drying/washing machire 
having a learning function, which performs the next judgment for mode transition using a series of P-P values 
when the speed of the mode transition is slow: 

Fig 3 / s an overall sectional side elevation showing another embodiment of a drum type drying/washing machine 
of the invention' 

Fig 38 is an overall sectional front elevation showing the drum type drying/washing machine of ~ig 37 

Fig 39 is a block diagram show ng a vibration delecting circuit. 

Fig 40 shows a basic circuit diagram of the low pass filter 

Fig 41 is a block diagram showing an electronic cont'cll ng d'cuit 

Fig 42 is a schematic illustration showing a relation between an unbalanced part of laundry and vibrations. 
Fig 43A is a chart showing an output waveform from acceleration sensor when impacts are imparted whilst a drum 
is unrotatcd and Fig.43B is a chart showing a vibration waveform produced by making the output shown in Fig. 
43A undergo a low pass lifter 

Fig 44A is a chart showing an output waveform from acceleration sensor when impacts are imparted whilst a drum 
is unrotated. and F<g.44B is a chart showing a vibration wave f orm produced oy making the output shown in Fig. 
44A undergo a low pass filter; 

Fig.45A is a chart showing an output waveform from acceleration sensor when impacts are imoarted whilst a drum 
is unrotated, and Fig.45B is a chart showing a vibration waveform produced by making the output shown in Fig. 
45A undergo a low pass filter 

Fig. 46 is a flowchart showing the operation in the dehydrating stage of a drum type drying/washing machine of 
the nvention 

Figs 47A and 47B are illustrations for explaining how to obtain a reference value and a predetermined period of 
time A using a vibration waveform which was processed through a low pass filter and for showing the timing for 
mode transition 

Fig. 48 is a chart showing a pattern of controlling the rotational speed of drum; 
Fig. 49 is a chart showing a pattern of controlling the rotational speed of drum; 

Fig. 50 is a schematic view, which shows conditions of materials to be processed, and especially shows a hollow 
which is formed in the central part of drum: 

Fig. 51 is a graph showing a relation between the balance rotational rate and the amount of clothes: 
Fig. 52 is a graph showing a relation between the amount of clothes and a predetermined period of time V: and 
Fig .53 is a flowchart showing the operation when the balance rotational rate ana predetermined period of time V 
are changed in accordance with the amoun: of materials to be processed. 

DESCRIPT I ON OF THE PREFERRED EMBODIMENTS 

[0034] One emoodiment of the drum type drying/washing machine of the invention will hereinbelow be described 
with reference to the accompanying drawings 

[0035) As shown in Figs 1 and 2. a arum type drying/washing machine of the invention includes a cylindrical water 
tank 2 which is elastically supported inside a machine body 1 and a cylindrical drum 3 whicn is supported in the water 
tank 2. rotatably by a shaft 6 provided on the back side of the water tank 2 and accommodates laundry and rotates on 
the shaft. Since the washing mechanism jscd n the drum typo arymg/washing machine of the embodiment is of a 
well-known type the mechanism of drying will in particular be explained in detail. 

[0036] The drum 3 s formed with an exhaust duct 7 on whicn an exhausted air temperature sensor 8 is provided 
The drum 3 further has an intake ouct 9 on which an intake air temperature sensor 10 ts provided 
[0037] A controlling dovice ?C .ne eding a microcomputer (CP J ) is disposed in the front part of the drum type drying/ 
washing machine toay 1 "*h;s controlling dev.ee contrc s tne washing operation in accordance with input which is 
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mpa'lpd through control key? (cn^t r ol switch) PO of a cortroi panoi dsposed on the front side of !he mach no body 1 
output siyrais from varous sensors such as exhausted air temperature sensor 8 aro intake air temperature sensor 

10 etc as wei; as an internal t:rrer As shown m a olock diagram of Fig.3. a control circuit 30 in controlling device 24 
receives signals f r orn exhausted air temperature sonsor 8 intake air temperature sensor 10. switch 20 for selecting 

* the type of clothing etc.. a water level switch 29. a lid switch 31 and a tachometer 32. and contros a drum motor 4. a 
fan motor 1 4 (a blower fan 1 3) a low-mode heater 1 V a high-mode heater 1 2, a drain pump 1 5. a cooling water solenoid 
valve 1 9 and a water supply solenoid valve 18 

[0038] In Fig 2 the drying/washing machine further has a fiite- 16 'or trapping lint etc from waste water, a supply 
hose 21. a drain hose 22 a lid 23. a detergent supplying port 25. a spring 26 and a shock absorber 27. 
10 [0039] In Fig. 3. the control system further has a rectifier circuit 33, an AC power supply 34. a dnver 35. a driving 
circuit 36. a display circuit 37 and a buzzer circuit 38 

[0040] In the above configuration, when laundry is loaded into the orum 3 through a clothing loading port 5 and the 
washing operation is started the drum 3 is made to rotate at a high speed and then is stopped so that the weight of 
clothing in the drum 3 can oe estimated by measuring the durat on of the continuation of the rotation due to the inertia 
15 of the drum 3 until it stops. 

[0041 ] Then, water is supplied by releasing the water supply solenoid valve 1 8, and thereafter the drum 3 is rotated 
by means of the drum motor 4, to start the washing operation which is followed by subsequent rinsing and dehydrating 
operations. 

[0042] When the operation enters the drying stage, the low-mode heater 1 1 and the high-mode heater 1 2 are turned 
20 on the e ectricity with the cooling water solenoid valve 1 9 closed and the drum 3 starts rotation at a low speed (50 rpm 
in this embodiment). A circulating gas is circulated by the operation of the fan motor 14 through the passage of the 
low-mode heater 11. the high-mode heater 12. the drum 3 and the exhaust duct 7, in this order, so as to heat the 
clothing inside the drum 3 to evaporate the moisture. 

[0043] Next, when the temperature detected by the exhausted air temperature sensor 8 has reached a pre-selected 
25 temperature A (50 °C in this embodiment) or more, the high-mode neater 12 will be turned off to halve the power 
consumption while the drum 3 will be rotated at a high speed (1 000 rpm. in this embodiment) so that water in the 
clothing which is 'educed in viscosity by heating will be centnfugally dehydrated for a predetermined time D (10 min. 
in this embodiment) 

[0044] After the predetermined time D has passed, the rotational rate of the drum 3 will be restored to the low speed, 
30 and the high-mode heater 12 will be turned on again so that the clothing inside the drum 3 will be heated and water 
can be evaporated. 

[0045] Then, when the temperature detected by the exhausted air temperature sensor 8 has reached a pre-selected 
temperature B (60 °C in this embodiment) or more, or when the temperature detected by the intake air temperature 
sensor 10 has reached a pre-selected temperature C (110 °C in this embodiment) or more, the drain pump 15 will be 

35 activated and the cooling water solenoid valve 19 will be opened so as to initiate the flow of the cooling water. A high- 
humidity circulating air that contains water vapor which was evaporated from the clothing and delivered from the exhaust 
port of the drum 3 enters a cooling dehumidication chamber 17 where the circulating air is made in contact with the 
cooling water and cooled. In this process, water vapor in excess of the saturated vapor is condensed to drops of water 
so that the water is discharged outside from the drum type drying/washing machine body 1 through a drain port 28 

■to disposed at the bottom of the cooling dehumidication chamber 17. Thus, the clothing can be dried by dehumidifying 
the circulating air 

[0046] In this case, tap water is used as the cooling water and is sprayed to the circulating air inside the cooling 
dehumidication chamber 17. 

[0047] In the course of the drying process, whenever a pre-selected time E (which will be determined depending 
^5 upon the amount of clothing as shown in Fig. 5, in this embodiment) elapses from the end of the high speed rotation 
operation, the high-mode heater 12 will be turned off to halve the power consumption while, with the cooling water 
solenoid valve 19 closed, the drum 3 will be rotated at a high speed (1 000 rpm. in this embodiment) for a pre-selected 
time F (3 mm. in this embodiment) in order to centrifugally dehydrate water from the clothing, whose viscosity has been 
reduced by heating, and relocate the clothing inside the drum 
so [0048] Next, when the temperature detected by the exhausted air temperature sensor 8 has reached a pre-selected 
temperature G (65 °C in this embodiment) or more, the high-mode heater 12 will be turned off to halve the power 
consumption while the cooling water solenoid valve H 9 will bo opened and closed alternately at intervals of a pre- 
selected time (in this embodiment, the valvo is alternately oponod for 1 min. and closed for 1 min.) so as to allow 
intermediate flowing of cooling water. When the temperature detected by the exhausted air temperature sensor 8 has 
55 reached a pre-selected temperature H (70 °C in this embodiment) or more, or when the temperature detected by the 
intake air temperature sensor 1C has reached a pre-selected temperature (120 °C in this embodiment) or more the 
drying of clothing will be judged as complete ana the drying operation will be finished by turning off the low-mode heater 

11 stopping the fan motor 14, shutting out the cooling water solenoid va>ve 19, stopping the drain pump 15 and 
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[0049] \ext aacc:ptisr w; Lv^riacc: r.":.,^c: j-: O'j^lvpc orvniiAv-.sh *q v ■ v r-.^c: . 

w :n tnc invention 

[0050] Inthe ^dovc cmcodrcn: in the ecu- so o f the ci: v r q rocess whensve H p: ---sc-lecier: : me E ; m r 
5 th s embod.mcnt) elapses from !he end oi ;no n.qn spooa rclai.on operator lie h.qh-mcco *'c* > r * i: w..; b- :un t 
or to halve the power co n sumpt;cr whhe w; n : *c? cooling • cioio vaivc " 5 c jss^c the J* „.:v 3 w;li DC rotate :u 
a! a h igr speed .1 000 'orr n tn s cmboo.^en:* :ji ri pre so o,~Va 'imj ► ;3 -Tun ir in s emcoairrtv n: ■ However im 'r...- 
cnDodiment the high speed --otation opera t on wi'I be performed whenever a ore selected Ittv .M..-h <s dctcrrinc-- 
depending upon the arrount of clothinq as shown in Fiq 6 passe? 
w [0051] in the above embodiment although the description was made o: tne drum type full aulonvii:o dryinq'washtrq 
machine of the irventicn. it ts a so possible to apdy he invention to a drum :ypo drie r wh eh :."iv peforms d» ■„"■'■■: 
Particularly the present invention shotld not be limited tc the rrrdc c? the .ibove em-aod-mcr: 

[0052] Anothc embodiment o* a d^um type d*yinq/was n, nq r -icnin^ o' the invention will K oro "he oa do cjpsclt 1 
with reference to the drawings 

is [0053] f-ig 7 is a schematic perspective diagram view srowinq a structure of the embodiment ot a drum type drynq 
washing machine of the invention lr Hg.7. a reference numerai 41 designates a tan. 42 a motor. 43 a duct 44 a dryirq 
heater 45 a hot-air blower port 4b a sealer 47 a drum 48 an n .ter tank 49 a duct 50 a watc supply valve M * 
deterqen: supplying oort 52 a condensation branch hose 53 a wa:er cooling dehumidication hose 54 a cneck vaive 
55 a '!'le r 56 a dram pump 57 a circulating pump 58 a uta. r ' * osr 59 a nozzle 60 a drum type drymcrwashing nachr e 

~o Uudy are 61a 61 b ano 62 be'lows hoses 

[0054] Wound around the outer periphery o*' the drum 47 wmch accommodates laundry and rotates s a drum totaitrq 
belt for t r ansmitting a rotational force from a drum rotating moto r so that the drum will rotate at ab jut 60 lo 60 rpm 
drying/washing and will revolve at about 1 000 rpm lor dehydration The outer tank 48 ts attached around !hc drum 
47 so that no water will leak. The scaler 46 for protecting IciKi.ge of water is attached on the from side between tie 

^ faundry oading port ano the drum 47 Attached to tnc outer lank 18 is the bellows hose 61 a 'o r draining and circulated 
washing water as well as tne bellow hose 61 o for circulating h drying air 

[0055] The bellow hose 61a to be used to drain and circulate wash ng water is attached to the filter 55 for trappirq 
lint oust etc scattered in the water The dra n pump 56 and the drair hose 58 lo bo used for draining washing waio* 
and dehydrating are attached to one side of the filtei 55 Attached on the other side of Ine filter S5 are *he oireulahrq 
30 pump 57 and the nozzle 59 for circulating washing waier dur nq washing so that washing water can forcibly be blown 
upon the laundry 

[0056] The bellows hose 61b to be usee for circuiting arymg air is connected tc the duct 49 which is then tollowecJ 
by the fan 41 , the duct 43 and the hot-a r blower port 45 Performed in the duct 49 is exchange of heat between laundry 
drying circulating air (indicated by an outlined arrow 3) and water (indicated by a solid arrow A: supplied from the 
35 water-cooling dehumidication hose 53 so as to condense some : f water and produce a low- f emperature high-humidiiv 
air This heat-exchanged air is drawn by the tan 41 wmch is rotated Oy the motor 42 i"to the due! 43 where ine ait i? 
heated to aoout 120 °C by means of the drying heater 44 The th^s heated a r is supplied again frum the hot-ar btowc 
port 45 into the drum 47 to evaporate moisture of the laundry, lr. :ris way. the air is c rculated in i M u machine 
[0057] On the other hand, the water condensed in the auct 49 passing through hose 62 s discharged via the dra n 
hose 58 by the function of the drain pump 56 In the figure 50 inoicates a water supplying valve for supplying tao water 
51 a detergent supplying port 52 a condensation branch hose and 54 a check valve Here these components are 
not of importance, so that the description will be omitted 

[0058] Next, tnc operation ol this drum :ype d»ying/washing machire will be described After laundry is loadoo into 
the macnine v a tne laundry loading port in tront of the seale r 46 lor protecting leakage of water, a detergent suited to 
•ts the laundry should be put into the detergent supplying port 51 As the star button is pressed a suitable quantity ol 
water to the amount of the laundry is passed through the water supplying valve 50 and is supplied to the drum 47 whilst 
solving the deietgent loaded in the detergent supplying port 

[0059] Then, the drum 47 will be rotated to beat-wash the laundry. During washing washing waiei is circulated 
through the bellows hose 61a. the filte- 55 and :he circulatirg pump 57 and returnee to the drum 4/ fiom the no// o 
^ 59 This procedure is repeated to perform washing When wasrvnq is complete the water is oasseo through the bcilow 
hose 61a the f i ter 55 the drain pump 56 so as tc be discharged from tne drain hose 58 ""hereafter the drum 4/ 
rotated at a high speed so that the washing water remaining in the laundry can be dehydrated The waste watct during 
dehydration is also discharged through the same passage as above 

[0060] At the completion of washing, water is supplied into the eium 47 through the detergent supplying port 51 If on: 
55 the water supplying va ve 50 and rinsmg is performed n the same manner as in *.hc wash nq omccss ^hor. 

dPhyd'-atinr :s performed in the ^mo manner as above? i-iore vxash.nq or rinsing whV wn,rn qir^ nin f he rtur.l 4- 
th r n.,qh *hc brllows hose 61b will he drainer, from the d r atr hp r >r 58 with the help ol Ihe d am p k j-nn Sh tne passrrj 
trvo^qh hose 6? which s connoctec to a belt jm ex t o* the d .4-' -I •* the c rculat nq pu-r|j 5/ the* a\ ano the 'Jm > 
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pLmp 56 

[0061 J \ext. the dehydratec laundry undergoes the crying process in the drying process first, the far 41 is activated 
while the drying hca:er 44 is heated with « .200 W so that tne not air can be blowr out from the hot-air blower port 45 
into tne drum 47 which is rotating at 5C rpm (by means cf rr.air motors o' and 'c' in Fig. 8) After about 5 mm., a heat 

5 switch 63 will be turned off in the circuit shown in Fig. 8 reducmq the power of the drying heater 44 tc 7C0 W while the 
drum 47 wi'l be rotated at approximately 1 000 rpm. (using ma n motors 'a* and 'b' in Fig. 8) for 10 mm. 
[0062] In this case as shown in Fig. 10. a characteristic has been known that the viscosity of water will oecorrte lower 
as the temperature of water becomes higher. Fig. 9 shows a graph of change in the surface temperature of laundry n 
this graph, during the period from 5 to 1 5 mm., the laundry is heated to around 40 °C and approximately 1 00 g of water 

10 is removed by the high speed dehydration This dehydratec water, the water used for water cooling and condensed 
water are all discharged out from the drair hose 58 by the function of the drain pump 56. passing through the duct 49 
the hose 62. the circulating pump 57. the filter 55 and the drain pump 56. 

[0063] When the drum 47 is rotated at a rate of 1,000 rpm. laundry will stick to the peripheral wall of the drum 47. 
Therefore, once stopped after the high speed rotation, the drum 47 is rotated in reverse direction at about 50 rpm. by 
'5 the function of a rectifier board. This rotation causes the laundry stuck to the drum 47 to go down and roll over in 
harmony with the low speed turn This operation is continued until the drying will be complete 

[0064] Although it took about 45 mlr. to dry 1 kg of laundry in the conventional method the drying time could be 
reduced by 10 % that is, it took 40 min. to dry the same amount of laundry. 

[0065] In Fig. 8 the drying healer 44 is composed o f a dryinq heater 44a of 700 W and a drying heater 44b of 500 
20 W. A reference numeral 70 designates a main motor fo' rotating the drum 47, 71 a rectifier circuit board having a 
rectifier circuit. 72 a drying temperature sensor. 73 a water supply valve for washing, 74 a water supply valve for drying, 
and 75 a control board having a microcomputer etc. 

[0066] In the above drum type drying/washing machine, the drum will be rotated at a high speed at the initial stage 
of the clothes drying operation when the viscosity of water has already started to become lower, so that tho dehydrated 
?5 level of laundry right after the dehydration can be improved further. Further, the laundry stuck to the drum can be 
separated from it by stopping or reversing it after the high speed rotation. 

[0067] Moreover, the total of the power of the drying heater and the power of rotational motor is controlled to be 
almost constant, regardless of whether dryirg is performed with the high speed rotation or with the low speed turn. 
Specifically, the power consumption of the drying heater is controlled between 700 to 1 ,200 W in accordance with the 
30 operating mode of the drum: the high speed rotation or the low speed turn, so that the total power consumption may 
be about 1 .350 W. 

[0068] In this way, it is possible to quickly remove water from laundry and shorten the drying time, thus making it 
possible to save the energy. 

[0069] Fig. 11 is a perspective view showing another embodiment of a drum type drying/washing machine of the 
35 invention. In Fig."1 , a reference numeral 81 designates a fan, 82 a fan motor, 83 an intake duct, 84 a drying heater, 
85 hot-air blower port, 86 a sealer. 87 a drum, 88 an outer tank 89 an exhaust duct. 90 a solenoid-operated water 
supp y valve for supplying tap water, 91 a detergent supplying port. 92 a condensation branch hose. 93 a water-cooling 
dehumidication hose, 94 a solenoid-operated cooling water valve, 95 a filter. 96 a drain pump, 97 a circulating pump, 
98 a drain hose, 99 a nozzle, 100 a hatch. 101 a control key, 103 an exhausted air temperature sensor, 104 an intake 
40 air temperature sensor, 130 a drum type drying/washing machine body, and 131a, 131b and 132 bellows hoses. Fig. 
12 is a sectional side elevation showing the drum type drying/washing machine of Fig. 11 . In Fig. 12. a reference numeral 
1 02 designates a drum motor, 1 05 a water supply hose, 1 06 a lio. 1 07 a controlling device, 1 08 a spring, 1 09 a damper, 
and 116 a solenoid valve for hatch. 

[0070] Wound around the outer periphery of a rear end shaft of the drum 87 which accommodates laundry and rotates 
45 is a drum rotating belt for transmitting a rotational force from a drum rotating motor 1 02. The outer tank 88 is attached 
around the drum 87 so that no water will leak. The sealer 86 for protecting leakage of water is attached on the front 
side between the laundry oading port and the drum 87 Attached to the outer tank 88 is the bellows hose 131a for 
draining and circulating washing water as well as the bellow hose 131b for circulating drying air. 
[0071] The bellow hose 131a to be used to drain and circulate washing water is attached to the filter 95 for trapping 
so lint, dust etc., scattered in the water. The drain pump 96 and the drain hose 98 to be used for draining washing water 
and dehydrating are attached to one side of the filter 95. Attached on the other side of the filter 95 are the circulating 
pump 97 and the noz?!e 99 for circulating washing water during washing so that washing water can forcibly be blown 
upon the laundry 

[0072] Tho bellows hose 1 31 b to be used for circulating drying air is connected to the exhaust duct 89 which is then 
55 fo, lowed by the fan 81 the intake duct 83 ana the hot-air blower port 85. Performed in the duct 89 is exchange of heat 
between laundry drying circulating air (indicated by an outlined arrow B) and water (indicated by a solid arrow A) 
supplied from the water-cooling dehumidication hose 93 so that the circulating air inside the exhaust duct 89 will be 
condensed to become a low temperature tow humidity air This low-temperature low-humidity air is drawn by the fan 
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R< which is rotated by the fan motor 82 into the make duct 83 were the at' is heateo to bocomn a h tgh -temp oral uio 
iow-humdity air. ^his high-tcmperaturc !ow-h-m:o,;y a.r ;s dga-r suppled from the hot-air blower cert 85 into the drum 
87 order to evaporate moistura of the la-rdry. In this way. the air is circulated in the machine On the other hand 
the water condensed in the exhaust duct 89 passing thro jq~ th2 hose 1 32. ;s dischaiquu v a the dra n hose 93 by the 

5 function of the dra n pump 96 

[0073] The controlling device <07 including a microcomputci {CPU) is disposed in tro front part of the drum lype 
drying/washing machine body 1 30 *^his controlling device centos the washing operation in accordance with the nput 
which is imparted through control keys (control switch) 1 01 of a controi panel disposed on the front side of the machine 
body 130 the output signals from various sensors such as the exhausted air temperature sense 103 and the intake 

w air temperature sensor 104 etc as well as an internal timer. As shown in a block diagram of Fig 13. a control circuit 
1 10 in the controlling device 107 receives signals from the exhausted air temperature sensor 103, the intake air tem- 
perature sensor 104 the control keys 101 for selecting the type of clothing etc.. a lid switch 111 and a tachometer 112 
and controls the drum motor 102 the fan motor 82. the drying neater 84. the solenoid valve 116 the drain pump 96. 
the circulating pump 97. the cooling water vave 94 and the water supply valve 90. In Fig 13 a reference numeral 115 

15 designates a rectifier circuit 117adnver. 1 1 8 a driver circuit 119 a display circuit. 120 a buz/er circuit and 121 an AC 
power supply. 

[0074] In the above configuration, when laundry is loaded into the drum 87 and the washing operation is starteo the 
controlling device 107 controls the drum mcor 102 so that the drum 87 rotates at a predetermined high speed and 
then slops The controller dctecis the duration of the continuation of the rotation due lo the inertia of the drum 87 until 
-0 it stops so as to estimate the weight of clothing in the drum 87 ^hen water is supplied by releas ng the watei supply 
solenoid valve 90 and thereafter the drum 87 is rotated by means of the drum motor 1 02 to start the washing operation, 
which is followed by subsequent rinsing, dehydrating and drying operations. 

[0075] When the ope r ation enters the dehydrating stage, driving state of drum 87 is shifted from a low speed turn 
(at about 50 rpm.) to a high speed rotation (at about 1.000 rpm ) by means of the drum motor 102 while the drying 
25 heater 84 is turned on the electricity in the low-mode (with aoout 700 W). Heat from this drying heater 84 will be able 
to improve the dehydration ratio by about 2 °o and raise the surface temperature of laundry by 5 to 10 °C Here, it is 
possible to determine whether the drying heater 84 should be turned on after the completion of the aehydrating oper- 
ation, through the control keys 101 

[0076] When the operation enters the drying stage tne surface temperature of clothing during drying varies depend- 
30 jng upon the amount of laundry Variations of the clothing sun*ace temperature is shown in Fig 14 Therefore, the 
remaining-heat drying time, the normal-rate drying time, the redLced-rate drying time should be set different depending 
upon the amount of laundry. Specifically the remaining-heat drying should finish for about 10 mm., when the amount 
of laundry is 1 kg It will finish for about 15 mm. for a 2 kg laundry and it will finish for about 20 mm. for a 3 Kg laundry. 
During this time alone, the cooling water valve 94 is closed to further increase the temperature o f clothing 
35 [0077] In the normal-rate drying, it will take about 35 min. for a 1 kg laundry, about 65 min for 2 kg, and about 95 
mm for 3 kg. Finally, in the reduced-rate drying it will take about 44 min. for 1 kg, about 71 min for 2 kg. and about 
110 min. for 3 kg After the completion of the normal-rate dying to the end of the drying process, tne cooling water valve 
94 is opened so as to perform the cooling-dehumidication. 

[0078] Explaining in further detail when the amount of laundry is 1 kg, from 0 (the start of drying) to 7 min . the drum 

40 87 is rotated at about 50 rpm. while the drying heater 84 is turned on tne electricity in the high mode (1 ,200 W) to heat 
the laundry (so-called tumbling operation) Thereafter, from 7 mm. to 10 min.. the drum 87 is rotated at 1 .000 rpm. to 
perform denydration while the drying heater 84 ;s turned on in the low mode (about 700 W) to heat the laundry. 
[0079] Dunng the period from 10 mm to 44 mm., the tumbling operation (at about 50 rpm. heated with 1.200 W) is 
performed. Dicing this operation, from 15 min to 35 mm. tne arum 87 is rotated at about 1 ,000 rpm. for 15 sec. at 

^5 intervals of 5 min. in order to dehydrate the laundry. During this time, the drying heater 84 is turned on in the low mode 
(about 700 W) to heat the laundry. When the reduced-rate drying stage starts, the drum 87 turns at aoout 50 rpm. and 
the drying heater 84 uses about 1 .200 W to heat the laundry until the drying operation is complete. Here, when the 
dehydration is not performed from 15 mm. to 35 min.. the drum 87 turns at about 50 rpm. and the drying heater 84 
uses approximately 1 .200 W to heat the laundry. Finally when the exhausted air temperature sensor 103 detects a 

50 predeterminea temperature (approximately 70 °C). the wnole crying operation will finish 

[0080] When the amount of laundry is 2 kg frcm 0 (the start of drying) to 12 min . the drum 87 is rotated at about 50 
rpm while the drying heater 84 is turned on in the high mode ii ,200 W) to heat the laundry and perform tumbling 
""noreaftor from 12 min to 15 min the drum 87 is rotated at 1 000 rpm to perform dcnydrat.on while drying heater 
84 is turned on in the low mode (about 700 W) to heat the launary. 

55 [0081] During the penod from 15 mm. to 7" m:n the tLmoing operation (at about 50 r pn healed with 1 .200 W) is 
performed During this operation from 20 m n to 60 min the drum 87 is rotated at aoout 1 00C rpm for 15 sec ai 
intervals of 5 min in order to dehydrate the laundry During this time the dry ng heater 84 is turned on in the low mode 
(about 700 W) to heat the laundry When the reduced-rate drying stage starts, the drum 87 turns at aoout 50 rpm and 
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the drying hester 84 uses about 1 ?00 W to heat the laundry t.ntil the drying operaton :s complete Here, when the 
dehydration is not performed from 20 mir to 60 min.. the d r un 87 turns a: about 53 rpm and the drying heater 84 
uses aporoximatcly 1 200 W to heat the laundry. Finally, when the exhausted air temperature sensor 103 detects a 
predetermined temperature (approximately 70 °C) the wno.e d*y;ng operation will finisn 

[0082] When the amount of laundry is 3 kg. from zero (the start of drying) to 15 min . the drum 87 is rotated at about 
50 rpm while the drying heater 84 is turned on in the high mode (1 .200 W) to heal the laundry and perform tumbling. 
Thereafter from 1 5 min to 20 min . the drum 87 s rotated at 1 .030 rpm to perform dehydration while the drying heater 
84 is turned on in the low mode (about 700 W) to heat the laundry. 

[0083] During the period from 20 min to 110 mm . the tumolir g opcation (at about 50 rpm heated with 1 .200 W) is 
performed. During this operation from 25 min. to 100 min.. the drum 87 is rotated at about 1 000 rpm. for 15 sec. at 
inlervals of 5 mm. in oraer to dehydrate the laundry. During this time, the drying heate r 84 is turned on in the low mode 
(aoout 700 W) to heat the laundry. When the reduced-rate drying stage starts, the drum 87 turns at about 50 rpm and 
the drying heater 84 uses about 1 ,200 W to heat the laundry until the drying operation is completed Here, when the 
dehydration is not performed from 25 min to 100 min.. the drum 87 turns at about 50 rpm and the drying heater 84 
uses approximately 1,200 W to heat the laundry. Finally, when the exhausted air temperature sensor 103 detects a 
predetermined temperature (approximately 70 °C), the whole drying operation will finish. 

[0084] Table 1 below shows the conditions of the operations of dehydrating and drying stages when the amounts of 
laundry are 1 kg 2 kg and 3 kg 
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Dehydration 
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Tumbling 
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Heating 



[0085] Here whcr the exhaustec air temperature sensor has detected a predetermined temperatLre and the 
operation enters the reducea-rate drying stage the openabie hatch 100 which is provided 'or the intake duct 83 may 
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be opened by activat.ng the solenoid va.vo 4 16 "*>:sw:; causa tr\-» ^.gh temperature air that contains vapor to d.schargo 
outside the drying,'' washing machine body 1 30 therefore it becomes possible to furthe r reduce the d'ying time. However, 
if the hatch 100 is opened the roo^ may be filled with the moisture which has come out from the clothing. Therefore, 
the activation of the solenoid valve 11 6 for opening and closing this hatch 1 00 is made to be selected. When the hatch 
5 100 is closed it should be done manually Thus when drying is performed in this drum type dryinpywashing machine 
of the invention . it is possible to reduce the drying time by abOLt 20 w o. compared to that in the conventional configuration . 
[0086] Next, with reference to drawings, another embodiment of a drum type drying/washing machine of the invention 
will be described. 

[0087] Fig. 15 is a sectional side elevation showing a schematic structure of a drum type drying/washing machine in 
'o accordance with the invention This drum type drying/washing machine includes: a box-shaped housing 141 . a water 
tank 1 42 disposed inside this housing 141 for holding a washing liquid, or rinsing water etc : and a drum 143 supported 
rotatably inside this water tank 142 for accommodating laundry. 

[0088] Designated at 144 is a shock absorber which supports the bottom of water tank 142 for alleviating the vibra- 
tions A reference numerals 145 designates a spring which hoists water tank 142 to alleviate the vibrations. That is, 
'5 water tank 1 42 is supported inside the housing 1 41 so as to oscillate by the shock absorbers 1 44 (one of them is shown 
in Rg 15) and the spring 145 The water tank 142 has an unillustrated drain outlet for discharging a washing liquid or 
rinsing water 

[0089] The drum 143 is formed of a cylinder having a diameter of about 45 cm and has many small holes 143a 
throughout the circumferential wall of it. The drum 143 has horizontal shafts 146 projected from two side-walls. These 
20 srafts are supported by bearings 1 47 provided for the water tank 1 42 so that the drum 1 43 can be rotated. A reference 
nLmeral 148 designates a drum motor which corresponds to a rotating means for rotating the drum 143 and has a 
rotary shaft to which a pulley 149 is fixed. This pulley 149 is linked with a drum driving pulley 151 which is fixed to 
horizontal shaft 146. through a driving belt 150 

[0090] A reference numerals 152 designates an outer lid provided on the top of the housing 141 . 153 a middle lid 

25 provided on the top of the water tank 142, 154 an inner !id formed on the outer peripheral side of the drum 143. 
Therefore, laundry is loaded and taken out by opening the outer lid 152, the middle lid 153 and the inner lid 154. 
[0091] Designated at 155 is a fluid balancer which comprises a ring-shaped, hollowed element provided concentri- 
cally with the drum 143 and a liquid 156 sealed inside the hollow A reference numeral 157 designates a rotational 
sensor for measuring the rotational rate of the drum 143. and is composed of a reed switch 158 affixed to the inner 

30 wall of the water tank and a magnet 159 affixed to the drum 143 which will become opposite the reed switch 158. 

[0092] This drum type drying/washing machine has a vibration sensor 160 for detecting the vibrations of the water 
tank 142 Fig. 16 is a schematic view showing the attachment position of the vibration sensor 160. The vibration sensor 
1 60 is attached so that it can detect a horizontal component (perpendicular to the rotational axis of drum 1 43) or vertical 
component of vibrations of the drum 1 43 in the water tank 1 42 The sensor used in this embod ment is of a type which 

35 only detects the horizontal component 

[0093] Examples of the vibration sensor 160 include displacement sensors which directly detects the amplitude of 
vibrations of the water tank 142 and acceleration sensors using the piezoelectric effect of piezoelectric elements such 
as quartz crystal ceramic etc. which output electric signals proportional to the acceleration exerted on the water tank 
142 In this embodiment, an acceleration sensor is adopted 

40 [0094] The acceleration sensor operates based on the following principle. Vibrations from the outside will cause a 
mass inside the housing of the sensor to exert forces on a piezoelectric element. This mechanical stress will break 
down the balance between positive and negative ions to generate electric charges. These electric charges will be 
accumulated on trie electrodes and finally will be outputted as a vibration waveform by means of a vibration detecting 
circuit. The amount of the accumulated charges will be proportional to the force exerted, which will be proportional to 

^5 the acceleration 

[0095] Fig. 1 7 is a block diagram showing a vibration detecting circuit when an acceleration sensor is used as the 
vibration sensor. In this figure, a signal outputted from the acceleration sensor 160 is amplified in an amplifier circuit 
161. Then, the signal is converted in a low pass filter 162. and again amplified through an amplifier circuit 163 to be 
outputted as a vibration waveform. F.g. 1 8 shows a basic circuit of the low pass filter. In this figure. 1 64 and 1 65 designate 
50 input terminals to which the output from the acceleration sensor 1 60 is imparted. A reference numeral 1 66 designates 
an operational amplifier. R1 a resistor, C1 a capacitor. C2 a feedback capacitor, 167 an output terminal. Here, the low 
pass filter 162 uses a type fc 10 Hz. 

[0096] Next, the principle of the displacement sensor will be explained. Fig 1 9 is a block diagram showing a vibration 
detecting circuit when a displacement sensor is used as the vioration sensor. This displacement sensor is of a type 
55 using eody currents. Linos of magnetic flux 168 produced by a coil sensor L will generate an eddy current 1 70 on the 
SLrface of an artic e (conductor) 1 69 to be measured The strength of the eddy current 1 70 will vary depending on the 
distance between the sensor coil L and the target article 169 and wil! vary the inductance of the sensor coil L Therefore 
the amplitude of tne oscillation from an LC oscillator 1 71 made up of the sensor coil L and a capacitor C wil: be varied 
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Var.rilicrs r. :mp..tua£> of 'he oscii.at .rn w ii rr r;r» cc\*?fl by * .u^Rrr.or circuit 17? a vo;t-;qr- nrnpnn\nnai to Iro 
distance w,;. oo outputted through a ..r.canzcr * 73 Designated r;t 174 :s ar anplficr c; cu:i for amplifying the output 
fro*T! iinearizer 173 

[0097] Next, description will be made of an electronic control circuit as the cortrolting means of the drum type drying/ 
5 washing machine of this embodiment. As shown n F.g.20 the electron c controlling circuit comprises, a CPU 1 80 maoe 
up of a controlling section and an operating section, a data bus 181: a memory 182 consisting c? ROMs ano RAMs: 
an ./O interface 1 83 a rotational sensor 1 57. a rotational rate detecting circu.t 1 84 for detecting the rotational rate from 
the output from rotational sensor 157' a v.brat.on detecting means 188 having a vioratton detecting circuit and the 
acceleration sensor 1 60 an A'D converter 1 8b for converting the output from vibration detecting means 1 88 into digital 
jo quantities a key nput portion 186 for allowing the user to se ect various processes such as washing rinsing etc as 
well as to start the operation the drum motor 148 and a drv nq circuit 187 for driving the drum motor 148 
[0098] Next the operation at the dehydrates stage of th s arum type drying/washing machine will be explained 
Description wii be made referring to Figs 21 and 22. 

[0099] At Step 1 (S1 ) the drum 143 is acceierativeiy rotated in a normal direction so that the drum 143 wiiJ rotate at 
'5 a low rate. During the period from zero (the start of rotation) to 1 5 sec . no detection of the vibration will be performed 
When 1 5 sec elapses, it is judged at Step 2 (S2) whether a P-P (peak-to-peak) value of the output waveform from 
the acceleration sensor 160 is a predetermined value J or less 

[0100] Here the predetermined value J is a threshold of P-P vaiues That s if the P-P value is above this threshold 
the vibration of the drum 143 is too great to continue the lolauon of the drum (for example in the case where the 
20 vibration acce eration is 5.0 m/s 2 ) When the P-P value is 'J' ui uss lYes). the operation goes tL Step 3 (S3i When 
the P P value is above 'J' (No), the operation goes to Step 7 <S7) where the drum 143 is stoppec and then returns to 
Step 1 (S1 ) where the drum 1 43 will be restarted This stop ana start cause the laundry in tne drum 1 43 to roll over to 
change the uneven distribution of the laundry Then, it is again udged at Step (S2) whether aPP value is the prede- 
termined value J or less. 

25 [0101] Next, at Step 3 (S3) it is judged whether the rotational rate of the drum 143 nas reached a predetermined 
value R for the low speed rotation. This value 'R' is a practically upper limit of the rotational rate (for example. 70 rprn.) 
at which the laundry partially moves whilst being stuck other time to the inner peripheral wall of the drum 1 43 (in other 
words, the laundry rolls over) If the rotational rate of the drum 143 has reached 'R' (Yes), the operation goes to Step 
4 (S4) where the drum is maintained to rotate at that speed and tnen the operation will go to Step 5 (S5) If the rotational 

30 rate of the drum 143 has not yet reached 'R' (No) the operation will return to Step 1 (S1). 

[0102] Next, it is judged at Step 5 (S5) whether a P-P value of the output waveform from the acceleration sensor 
160 is a predetermined value N or less (primary judgment) Th s value 'NT is a threshold of P-P values (for example. 
0 08 mm in the representation of the vibrating amplitude) based on which it will be judged whether the drum 143 can 
be set into the high speed rotation mooe. When the P-P value is 'N' or less (Yes), the operation goes to Step 8 (S8) in 

35 Fig. 22. where the rotation of the drum 143 is accelerated. If the ^-P value is above 'N' (No), the operation goes to Step 
6 (S6) where it is judged whether a predetermined time T (e g 20 sec.) has elapsed after time when the drum 143 
started to rotate. When the time has not yet elapsed (No), the operation returns to Step 4 (S4) When the time has 
elapsed already (Yes), the operation goes to Step 7 (S7) where the drum 143 is stopped and then the operation will 
be restarted from Step 1 (S1 ) in order to vary the uneven distribution of the laundry 

40 [0103] Next, at Step 9 (S9). it is judged whether a P-P value of the output waveform from the acceleration sensor 
160 is above the predetermined value J or less. If it is 'J' or less (Yes), the operation goes to Step 10 (S10). When it 
is above 'J* (No), the operation goes to Step 7 (S7) where the drum 143 is stopped and then the operation will be 
restarted from Step 1 (SI ) in order to vary the uneven distribut on of the laundry inside the drum 143. Subsequently, 
at Step 1 0 (S1 0). it is judged whether the rotational rate of the arum 1 43 has reached a second level rotational rate L. 

•« This value '{_' is the rotational rate at which the vibrated body containing the water tank 142 will become resonant (for 
example 200 rprn.). If the rotational rate of the drum 143 has not yet reached 'L' (No), the operation returns to Step 8 
(S8). If it has already reached 'L' (Yes), the operation goes to Step 11 (S11) where the drum 143 is maintained to rotate 
at that speed and the operation will go to Step 12 (S12) 

[0104] Next it is judged at Step 12 (S1 2) whether a P-P value of the output waveform from the acceleration sensor 
so 160 is above the predetermined va ue J or less (secondary judgment). If it is J' or less (Yes), the operation goes to 
Step 13 (S13) When it is above 'J' (No), the operation goes to Step 7 (S7) where the drum 143 is stopped and then 
the operation will bo restarted from Step 1 (S1) n order to vary the uneven distribution of the laundry inside the drum 
143 Subsequently at Step "4 (S14). it is judged whether a P-P value of th© output waveform from the acceleration 
sensor 160 is a predeterm ned value K or less 
55 [0105] This value 'K' is a thresholo of P-P values, above wmcn the vibration of the drum 143 is too great to continue 
the rotation nf thr drum 143 At Step 14 ;S14> if tne P-P value .s K or loss (Yes), the operation goes lo Step 15 (S15) 
If t is above 'K' (No) the operation goes to Step 7 <S7) where tho drum '43 is stopped ano then the operation will be 
restarted from Step < (SI ) :n o r der to vary the uneven distribution o f the laundry inside the drum 143 
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[0106] Subsequently at Step 15 (S -1 5) it :s judged whet^c ♦hp rotational rate of the cK.m <43 has reached a high 
speeo rotationai rate M (for example 1 .000 rpm ) f the rotational rate of the drum 143 has not yet reached 'M' (No) 
tha operation returns to Step 14 (S14). :f it has a ready reachea M* (Yes), the operation goes to Step 16 (St 6) At Step 
16 ;S16). ;t is judgea whether a p^edetermineo period of time tor dehydration has already elapsed. If the period has 

5 net yet elapsed (Mo) the operation returns to Step 14 (S14). I f the period has already elapsed (Yes), the operation 
gees to Step 1 7 (S1 7). the rotation of the drum 143 will be stopped to end the dehydration operation. 
[0107] Fig 23 is an illustrat on showing the concept of sampling a P-P value from the output waveform from the 
acceleration sensor 160. Here, the judgment is to be made js:ng two peaks which are located opposite each other 
with resoect to a line which represents that the output from the acceleration sensor 160 is zero For example, if a 

- wavefomn (a) is obtained, oniy the difference between peaks Pt and P3 will be detectea by discarding the difference 
betweer peaks P1 and P2 or between peaks P3 and P4 

[01 08] Fig. 24 shows a variational example f rom the flowchart shown in Fig.21 . In this flowchart, another step or Step 
18 (S18) is added after Step 5 <S5). The purpose of this step is to judge whether the output wave'orm from the accel- 
eration sensor 160 has crossed over the line on which the output from the acceleration sensor 160 is zero (to be 
»5 relerred to. hereinbelow. as 'zero-cross'). If there is a zero-c r oss (Yes), the operation goes to Step 8 (SB) in Fig. 22. If 
there is no zero-cross (No), the operation returns to Step 5 (S5). Forexample, if a waveform shown in Fig.25 is obtained, 
the difference between peaks P"! and P2 wll not be recogn,zed as a P-P value but the distance between peaks P1 
ard P3 can be recognized as a P-P value, thus It is possible to make an exact judgment 

[0109] Fig. 26 is a chart showing the pattern of controlling the rotational rate of the drum 143. Fig. 27 is a graph 
?o showing the variation ranges of the average of the output from the acceleration sensor 160 during the period from 1 
sec to 2 sec in order to show that the most preferable rotational rate R at which the judgment of whether the drum 
143 should be set into the high speed rotation mode is made lies n a range of from 70 to 80 rp m 
[0110] As shown in Fig. 27. over 80 rpm.. there are no venations in amplitude, whereas the variations in amplitude 
of the vibration at below 60 rpm. is too large and the amplitude is changing unceasingly Therefore, those ranges are 
?s not preferable for the rotational rate R at which the judgment fcr setting up the high speed mode. Since the vibration 
waveform at 70 rpm. contains vibrations varying in amplitude appropriately and still continuing relatively long, this 
characteristic meets the condition in which the laundry partially moves some little by little wh ist being stuck to the inner 
peripheral wall of the drum 143 (that is. the practically upper limit of the rotational rate at which laundry rolls over.), 
[0111] Meanwhile in order to make the laundry stick to the drum 1 43. it is necessary to rotate the drum 1 43 so that 
Jo the acceleration of a mass point located on the inner surface of the peripheral wall of the drum 143 will be at least 
equal to or greater than the gravitational acceleration. When the radius of the drum 143 is represented by V, the 
following relations of a rotational rate 'n' of the drum 143, a circumferential velocity V and an acceleration a will hold: 

j 5 v = 2nrn, a - v ? /r. 

If the drum 143 having a diameter of 45 cm is rotated at 70 rpm., then v = 165 cm/s. a - 12 m/s 2 . In this case, since 
the acceleration a is greater than the gravitational acceleration laundry will stick to the inner surface of peripheral wall 
of the drum 143. 

•*o [0112] Nevertheless, laundry ought to have a thickness, therefore the part of laundry which lies closer to the center 
of the drum 143 will have a lower rotational soeed so that it will be affected by gravity and will be shifted from the part 
which is sticking to the peripheral wall This movement causes the variations in vibration amplitude. For example, a 
mass point which is located 5 cm mstde from the inner surface of the peripheral wall of the drum 1 43 has an acceleration 
of 9.4 m/s 2 . which is smaller than the gravitational acceleration. Thus, the laundry will be able to roll over little by little 
[0113] When the drum 143 is rotated at 60 rpm.. a mass point located on the inner surface of the peripheral wall of 
the d r um 143 has an acceleration of 8.9 m/s 2 so that it cannot stick to the peripheral wall of the drum 143. If the drum 
143 rotates at 80 rpm., then a - 1 6 m/s 2 . In this case, the laundry is able to stick to the peripheral wall of the drum 143 
but the acceleration of a mass point located 8 cm inside from the peripheral wall of the drum 143 will be 10 m/s 2 , so 
that the movement cannot be anticipated. At the position 9 cm inside from the inner surface, the acceleration will be 

50 9 5 m/s 2 , so that laundry will De able to move. This means that if much laundry is loaded, the laundry will not totally 
stick to the peripheral wall of the drum 143 but some parts of the laundry will become able to move even at this 
rotational rate 

[0114] As shown in Fig 28 when the drum 143 rotates at 60 rpm., viorations with large amplitudes iastlong. Accord- 
ingly it is impossible to properly set the drum into the high speed mode. When the drum 143 rotates at 70 or 80 rpm . 
55 seme low-amplitude vibrations appear definitely so that it is possible to appropriately set the drum into the high speed 
mode in this example however when the drum rotates at 80 rpm . the waveform presents periodic vibrating charac- 
ters! cs after 5 sec so that no movement of laundry canno* be expected if a .onger period of rotation is performed 
When t*e drum rotates at 90 rpm the wave'orm shows periodic vibrations except the unstable period at the start of 
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rotation of the dr^m "43 so t-v;! nu movcrurn! jf iauisdrv w... i ot bp anticipated however ong tno rotation may last 
As apparent 'rem the aceve 'acts the ros: p lufcraclc rotatrora ;ate r when the drum sset into the h:gh speed rotation 
mjde tacce:erat:on; ranges from 7C rpm. to torn 

[0115] Fig 29 is a diagram shewing the timing of setting the drum into the high speec rotation mode and the ?ero- 
5 crass as well as the conditions of the aundry nsido drum *43 cy using a conceptuai chart of a vibration waveform 
obtained from the acceleration sensor. When the drum 143 is rotated at the upper iimit of the rotation rate at wnich the 
laundry is allowed to rolls over, the vibration of the viorated ooay containing the water tank *!42 presents an output 
waveform which comprehends the vibration cnaractenstics o' the shock absoroer 144 and the spring 145 When the 
resonant rctat.onal rate of the vibratea body :s 180 to 200 rpm ana the rotational rate of the d-um 143 is 70 rpm 
10 peak-to-peak oscillating waves appear at intervals of about half or quarter revolution 

[0116] When the P-P value is large, the laundry is d str.buted unevenly inside the arum 143. as shown in state A or 
B When the P-P value is smaller the :aundry s distriouted almost unifcrmy inside the drum M3 as shown in state 
C By judging whether the P-P value is a predetermined value t. or less, it is possible to locate a portion where P-P 
values are small ^the encircled portion). Further, at the moment mat the output in the waveform intersects the O-level 
is line (at the zero-cross point), the drum will be shitted to the high speed rotation mode. Since the acceleration (moae 
transition) can be performed within the period ot a quarter to one revolution from the detection of the P-P value, it is 
possible to set the drum into the high speed mode before the laundry makes a significant movement. 
[0117] Fig 30 is a chart showing the experimental result for explaining the effect when the rotational acceleration of 
the drum 143 is made large ^he expenmenl was performec as f ollows: 

o 

The rotational rate of the d r um 143 was raised from 7C rpm to 200 rpm within a predetermined period of time 
regardless of the conditions of the laund-y inside the drum 143 ~he ratios of the number of times of trials which 
were made until the output value from the acceleration sensor 160 became equal to or below a predetermined 
value (5.0 m/s 2 represented in osoliating acceleration) when the rotational rate was raised, to the total number of 

55 test were plotted for oach number of trials. Here, the tost laundry was jeans and 50 times of tests were carried out 

Fig. 30© shows a case where the rotation rate of the drum 143 was raised to 1 00 rpm. within about 1 sec so that 
the laundry could stick to the peripheral wall of the drum, and then was made to reach 200 rpm. after 2 sec. from 
the start of the acceleration Fig. 30® shows a case where the rotation rate of the drum 143 was raised from 70 
rpm to 200 rpm over 10 sec It is clear that case® is more effective at raising the rotational rate by a less number 

30 of trials than case® . 

Fig 31 is a chart showing the experimental result of the drum type drying/washing machine of this embodiment. 
Here, the drum was accelerated as in the above case© As shown in this figure, the vibration of the drum was 
stabilized to not more than a predetermined level, within three times of tnals for acceleration (mode transition) 
This result is drastically excellent comparec to that of the case© or® . 

35 

[0118] In the case where an artice. such as one of sport shoes (e g.. basketball shoes) though it is not typical as 
laundry, which cannot be separated and therefore must cause a large uneven distribution of weight should be washed, 
it is possible to handle such kind of articles following the procedure shown in the flowchart in Fig 32 
[0119] Now, the operation flow will be described with reference to this flowchart First, Step 1 (SI ) to Step 3 (S3) in 

40 Fig. 21 are performed. At Step 3 (S3), if it is determined that the rotational rate of the drum 143 has reached predeter- 
mined value R (Yes), the operation goes to Step 21 (S21), where the drum 143 is maintained to rotate at that speed. 
Then, it is judged at Step 22 (S22). whether a P-P value of the output waveform from the acceleration sensor 1 60 is 
a predetermined value N or less. If it is 'N' or less (Yes), tne article inside is assumed as normal launary and the 
operation goes to Step 8 (S8) in Fig. 22. 

•*s [0120] At Step 22 (S22). if the P-P value is greater than the predetermined value N (No), the operation goes to Step 
23 (S23). where it is judged whether a predetermined time T* (20 sec. for example) elapses from the start of rotation 
of the drum 143. If the time has not yet elapsed (No), the operation returns to Step 21 (S21). If the time has elapsed 
(Yes), the operation goes to Step 24 (S24), where the drum 143 is interrupted rotating. 

[0121] Next, it is judged at Step 25 (S25) whether the drum 143 has been already interrupted at a predetermined 
50 number of times U (for example, six times). If the number of the interruptions has not yet reached U (No), the operation 
returns to Step 1 (S1) in Fig. 21 If the number of the interruptions reaches U (Yes), the laundry is assumed to contain 
articles which cause large unbalance ana cannot bo separated and the operation goes to Step 26 (S26) where the 
drum 143 will oc rotationaily accelerated. Next, the operation goos to Step 27 (S27). where it is judged whether a P- 
P value is a predetermined value K or less If it is 'K' o r less Yes), the operation goes to Step 28 (S28). If it is greater 
55 than K (No) the operation goes to Step 3"! ;S31 , whe r e the aum 1 43 will stop rotating 

[0122] Next it is judged whether the rota'icnal rate V the dr. m 143 at Step 28 (S?8: is equa to or below a prede- 
termined value S which is a second high spend otatona! ra!n t^nre S < M) When it s 'S* or less (Yes) the operation 
goes to Step 29 IS29) If it :s grater than *S' (No) the operation 'Cturns to Step 27 (S2/i Next a: Step 29 (S29). it is 
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:^d$C:d whether a predetermined ti^e for do H yrirat:on (this rir>nynrat;n:j time is longer than tint of normal dehydration) 
has e apsed :' it rias not yet eiapsea (No] the operation returns *.o Step 27 (S27) If .t has already elapsed (Yes), the 
operation goes to Step 30 (S30) where the rotation ot the drum M3 is stopped to end the dehydration running. 
[0123] Because of the characteristics of the motor such as toro«e is small or any othe- factors, the shift of the drum 

s into the high speed rotating mode may occur slowly Fig. 33 is a chart show ng an example of a t:me lag between the 
time at which the motor starts to be accelerated and the time at which the drum starts to be accelerated. This chart 
shows a comparison of the output waveform from the deceleration sensor 160 and the output waveform from the low 
pass filter 162 As shown in this figure, as a signal which triggers the acceleration of the motor 148 is given, a current 
flows through the motor 148. Since the acceleration sensor 160 tends to pick up the noise of the current, a large 

1 o variation occurs in the output waveform from acceleration sensor 160 S:nce this noise component can be eliminated 
through the low pass filter, no variation will not occur at that moment in the output waveform from the low pass filter 
162 Then this output begins to become large from about 0 5 sec This means that the drum 143 starts to accelerate. 
[0124] When the mode transition (acceleration) occurs slowly as in the above way, there occurs a problem that the 
cond tion of laundry may change during the perioo from the time at which mode transition is decided to the time at 

'5 which the drum is actually accelerated so that it may become impossible to change the driving mode whilst the condition 
of laundry is maintained as it is when the mode transition is decided This problem can be worked out if a predetermined 
number of P-P values in a row are all made lower than a threshold. For example, when a delay for mode transition is 
as much as 1 sec, It is possible to set up the system so that the mode transition will be started after recognizing that 
three or foLr consecutive P-P values are all lower than a threshold. 

20 [0125] The fact that a series of P-P values are all lower than a threshold suggests that the laundry must be stabilized 
and maintained in even distribution. This method will be able tc countermeasure the delay in the mode transition. 
However, since the P-P value ts stil! changing at any time, the increase in the number of judgment based on the P-P 
value does not mean the improvement but it is preferable that the decision can be made in a less number of judgment. 
That is, preferably, the decision should be made during the period corresponding to a half revolution of the drum 143. 

25 [0126] Fig. 34 is a chart for explaining how to sample a number of P-P values in a row. In this figure, P1 -P2 indicates 
the frst P-P value, P2-P3 the second one, P3-P4 the third one, and P4-P5 the fourth one. 

[0127] For the case where there is a delay in the mode transition, it is possible to reduce the possibility of changing 
the state of laundry and further improve the countermeasure agamst the delay in the mode transition if anothercondition 
whether the vibration is in the converting trend is checked in addition to the above condition for the mode-change 
30 judgment. For example, in the vibration waveform shown in Fig. 35, only when the P-P values between P1 and P2, P2 
and P3 P3and P4 and P4 and P5. are all smalle r than a threshold and these P-P values become smaller successively, 
the mode transition to the high speed rotation mode may and should be performed. 

[0128] It is also possible to construct a system in which the judgment for mode transition is initially made by a single 
P-P value, and if it is recognized that the driving mode of the drum cannot be changed quickly, a predetermined number 

35 of P-P values in a row can be used for the next judgment for acceleration. Fig. 36 is the flowchart showing the operation 
during the dehydration running in a drum type d'ying/washing machine having such a learning function. 
[0129] First, Step 1 (S1) to Step 3 (S3) in Fig.21 are performed At Step 3 (S3), if it is determined that the rotational 
rate of the drum 143 has reached a predetermined value R (Yes), the operation goes to Step 41 (S41). where a pre- 
viously determined P-P number for the judgment at the mode transition is read into RAM. Then, at Step 42 (S42), it is 

-to judged whether a P-P value is the predetermined value N or less. If the P-P value is 'N' or less (Yes), the operation 
goes to Step 43 (S43) where the count stored in RAM is increased by 1 If the P-P value is above 'N' (No), the operation 
goes Step 44 (S44) where the count stored in RAM is reset, and returns to Step 42 (S42) 

[0130] Next, at Step 45 (S45), it is judged whether the count is equal to the aforementioned P-P number. If it is true 
(Yes), the operation goes to Step 46 (S46) where the motor 148 is accelerated. If the count is not equal to the P-P 

-*s number (No), the operation returns to Step 42 (S42). Next, at Step 47 (S47), started is the measurement of a time lag 
from the time when the signai for accelerating the motor 148 is given to the time when the drum 143 will actually be 
accelerated. Then, at Step 48 (S48), it is judged whether the drum 143 starts to be accelerated If the drum starts to 
accelerate (Yes), the operation goes to Step 49 (S49) where the measurement of the time lag for mode transition is 
stopped. If the drum has not been accelerated yet (No) , it is judged again whether the drum 1 43 starts to be accelerated. 

50 Next, at Step 50 (S50). the measured time lag or delay of the mode transition is stored into RAM. 

[0131] Subsequently, it is judged at Step 51 (S51) whether the time lag of the mode transition is equal to or below a 
predetermined value T (for example, 0.3 sec ) If the time lag is the predetermined value or less (Yes), the operating 
goes to Step 52 (S52) where the P-P number for the judgment at the mode transition is rewritten to 1 and then goes 
to Step 8 (S8) in Fig 22 If the time lag is above predetermined value T (No), the operation goes to Step 53 (S53) 
where the P-P number is rewntten to 3 and then goes to Step 8 (S8) in Fig. 22. When the judgment at the mode transition 
s performed next the P-P numoer determined at Step 52 (S5?) or Step 53 (S53) will be used 

[0132] Although in tne above description of the embodiment a drum type drying/washing machine which performs 
washirg. dehydration and dry.ng was explained the present invention can be applied to drum type washing machines 
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wh:ch pcr*crm vyp.pr ng ana rich vara*, or to eiu~ typo dn/tvs :i : iiCr-st^d only tc dryinrj 

[0133] The above description o f ne cmboo.men: has been "-aae uf a drum type aryir:g/wash.rq machine of a tcp 
oadmg rype using a aoubie shaft- supported drum The prosen nvertion. however car be app:.2d lo a single shaft- 
supported type or a 'ront loaang rype 
5 [0134] Now another embodiment of a drum typo drying/washing machine o? the nvention w..i be described with 
reference to the drawings Fig. 37 is a sectional side elevalon showing the overall structure of a arum type drying/ 
washing machine of the invention. This drum type drying/washing machine includes a box-shaped housing 201. a 
water tank 202 dsposed inside this housing 201 for holding a washing liquid, or rinsing water etc.. and a drum 2C3 
supported rotatably inside this water tank 202 for accommodating laundry. 

[0135] The drum 203 is formed cf a cylinder having a diameter of about 46 cm and has many small holes 203a 
throughout the circumferential wall of it The drum 203 has a horizontal shaft 206 projected from the backside wall and 
^ supported by a oearing 207 provided for the water tank 202 so that the drum 203 can be rotated A reference numeral 
208 designates a drum motor which corresponcs to means 'or rotating the drum 203 and has a rotary shaft to which 
a pui ey 209 is fixed. This pulley 209 is linkea with a dr^m a- vir;g puiley 211 which is fixed to the horzonta shaft 206. 

'3 th r ough a ariving belt 210. 

[0136] A door 212 which is opened and closed for allowing laundry to be loaded and taken out is provided on the 
front side o' the housing 201 A reference numeral 21 7 designates a rotational sensor for measuring the rotational rate 
of the drum 203. and the rotational sensor 217 is composed of a reed switch 218 affixed to the outer wall of the water 
tank and a magnet 219. which is opposite the reed switch 218. affixed lo the drum driving pulley 211 

22 [0137] The water tank 202 is provided with a water supply pipe 241 for supplying water a circulating p pe 242 for 
circulating the washing liquid or rinsing water, a reservoir water tank 243 for circulating and storing the washing I quid 
or rinsing water, and a drain outlet 244 for discharging the washing liquid or rinsing water. Provided on the front side 
of the housing 201 is a control panel 245 having a power switch a start switch, etc. 

[0138] As shown in Fig 38, the bottom of the water tank 202 is supported by a shock absorber 204 which alleviates 
2* vibrations, -urther, the water tank 202 is hoisted by springs 205 which are attached to the upper inside of the housing 
201 in order to alleviate viorations Therefore the water tarx 202 is supported so as to oe aoie to oscil ate inside the 
housing 201 by means of these shock absorber 204 and springs 205 

[0139] The drum type drying/washing machine of this embodiment has a v:bration sensor for detecting the vibrations 
of the water tank 202. Specific examples of vibration sensor include displacement sensors which directly detects the 
30 ampl.tude of vibrations of the water tank 202 and acceleration sensors using the piezoelectric e'fect of piezoelectric 
elements such as quartz crystal ceramic etc which output electric signals proportional to the acceleration exerted on 
the water tank 202. in this embodiment, an acceleration sensot is adopted. 

[0140] As apparent from Fig. 38, an acceleration sensor 220 is attached on the top of the water tank 202 so that it 
can detect the vibration of the water tank 202 in horizontal directions (the horizontal component of the vibration) relative 
35 to the mounted surface of the washing machine The horizontal comoonent of the vibration of the water tank 202 is 
indicated by bidirectional arrow n the figure 

[0141] The acceleration sensor 220 operates based on the following pnnciple. Vibrations from the outside will cause 
a mass inside the housing of the acceleration sensor 220 to exert forces on a piezoelectric element. This mechanical 
stress will break down the balance between positive and negative ions to generate electric charges These electnc 
•to charges wit be accumulated on the electrodes and finally will be outputted as a vibration waveform by means of a 
vibration detecting circuit. The amount of the accumulated charges will be proportional to the force exerted, which will 
be proportional tc the acceleration. 

[0142] Fig. 39 is a block diagram showing a vibration detecting circuit when an acceleration sensor is used as the 
vibration sensor. In this figure, a signal outputted from the acceleration sensor 220 is amplified in an amplifier circuit 
221 Then the signal is converted in a low pass filter 222. and again amplified through an amplifier circuit 223 to be 
outputted as a vibration waveform. Fig. 40 shows a basic circuit diagram of the low pass filter of Fig. 39. In this figure. 
224 and 225 designate input terminals lo wh:ch the output from Ihe acceleration sensor 220 is imparted. A reference 
numeral 226 designates an operational amplifier R1 a resistor. 01 a capacitor. C2 a feedback capacitor. 227 an output 
terminal. 

so [0143] Here the low pass filter used in this embodiment is preferably of a type for about 3 Hz This is because the 
sensing system is required to be able to handle vibration waveforms of any type. That is. the vibration waveform will 
change drastically, depending on difference in the vibration characteristics of the vibrated body, specifically, depending 
upon the spring constant the rotational rate the difference of movement of the materials to bo processed 
[01 44] Next description will be made of ar electronic control ci-cuit as tne controlling means of the drum type drying/ 

35 washing machine of this embodiment. As shown m Fig. 41 . the electronic controlling circuit comprises, a CPU 3C0 made 
up of a contro ling section and an operating section a aata bus 30" a memory 302 consisting of ROMs and RAMs 
ar I/O ^terfnee 303 the rotational senso: 217 a rotattona -ate detecting circuit 304 f or detecting the rotational rate 
from the output from the rotational sensor 217 :hc acceleration sensor 220 a vibration detecting circuit 305 for pro- 
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d..cirg a v;orat;or wave'orm from tho signal ourpwTted from the acce. oration sensor 220 a key input portion 306 for 
allowing the user to select var.ous processes sjch as washing 1 nsing. etc. as we I as to star, tho operation- the drum 
moto' 208. and a driving c.rcuit 307 for driving the arum mote ^08. 

[0145] Now consider a case where the drum 203 shown in Figs.37 ard 38 is rotat.ng at a low speea. In this case, 
since the vertical vibration :s strongly affected by gravity, the downward displacement of the vibration will become large 
while the upward displacement of the vibration wili become small even if the amount of unbalance in the drum 203 is 
the same. As to the vibration in the horizontal direction, since gravity equally affects on the horizontal vibrations on 
Doth sides, the vibrations caused by the unbalance inside tne arum 203 will be markedly greater than that attributed 
to gravity. According y. it is possible to estimate tne degree of uneven distribution of laundry by detecting the vibrations 
in a horizontal direction which is perpendicular to that of the rotary shaft of the drum 203 

[0146] As shown in Fig. 42, as the drum 203 rotates, an unbalanced part, if there is. moves right and left so as to 
cause horizontal vibrations. Accordingly. i f there is an unbalanced part, the drum 203 as a whole displaces right and 
'eft once during each revolution. Therefore, it is possible to knew what degree the laundry is unevenly distributed by 
detecting the vibration waveforms in the horizontal direction 

[0147J Fig 43A is a chart showing an output waveform from the acceleration sensor 220 where the abscissa repre- 
sents time (sec.) and the ordinate represents the magnitudes of the signal This chart shows that three repeated impacts 
m one direction were imparted whilst the drum 203 was unrotated. There appear many vibrations at a time (many 
vibrations are superposed in the figure). Fig.43B is a chart showing a waveform was produced by making the output 
from the acceleration sensor 220 undergo the low pass filter (abbreviated as LPF in the figure) of 3 Hz. Here, il is 
known that the signal converges in about 0.4 sec 

[0148] Next, explained will be a case where the drum 203 is rotated at 83 rpm. In this case, the time required for one 
revolution of the drum 203 is 0.72 sec. Accordingly, when the output waveform is processed using tne low pass filter 
of 3 Hz. it is possible to confine one impact under the influence of the signal generated by the impacts, during the 
period of about 0 4 sec or the period in which tho drum 203 makes about a half revolution. In this way, it is possible 
to definitely detect the horizontal vibration during tho period of one revolution, which is attributed to the unbalance. 
[0149] Similarly, Fig.44A is a chart showing an output waveform from the acceleration sensor 220 when impacts 
were imparted from one direction at varying intervals whilst the drum 203 was unrotated. The waveform shown in Fig. 
44B is one which was obtained by processing the output from the acceleration sensor 220 through the low pass filter 
of 3 Hz From this figure it is apparent that the system presents good performance in followability. Similarly to the above, 
Fig.45A is a chart showing an output waveform from the acceleration sensor 220, where three repeated impacts in 
one direction were imparted whilst the drum 203 was unrotated Fig.45B is a chart showing a waveform which was 
produced by making the output from the acceleration sensor 220 undergo the low pass filter of 1 Hz. As apparent from 
Fig.45B, the vibration caused by one impact in one direction last for 1.2 sec. This period is longer than the period for 
one revolution of the drum 203, and is not preferable. In practice, when the output waveform was processed through 
the low pass filter of 3 Hz. the resultant waveform synchronized with the actual vibration of the water tank 202 containing 
the drum 203 

[0150] Next, the operation of the dehydration stage of the drum type drying/washing machine in accordance with 
this embodiment will be described with reference to the flowchart shown in Fig. 46. 

[0151] First, at Step S61 (S61), the rotation of the drum 203 is accelerated so that the drum 203 will rotate at a low 
rate. Then, it is judged at Step 62 (S62) whether the absolute value of the output which was obtained by making the 
waveform of the output from the acceleration sensor 220 undergo the low pass filter of 3 Hz is a reference value P or 
less. If it is true, another judgment is made of whether the current condition continues for a predetermined period of 
time V. If these conditions are satisfied (Yes), the operation goes to Step 63 (S63) where the rotation of the drum 203 
is accelerated so that the drum 203 will be rotated at a high speed to enter the dehydration running. 
[0152] At Step 62 (S62), If the above conditions are not satisfied (No), the operation goes to Step 64 (S64) where it 
is determined whether a predetermined time W (for example) has elapsed from the start of the drum rotation. If the 
time nas elapsed (Yes) the operation goes to Step 65 (S65) where the drum 203 is slopped, and returns to Step 61 
(S61 ), from where the above procedure will be repeated. If the predetermined time W has not elapsed yet (No) at Step 
64 (S64), the operation goes to Step 66 (S66) where it is determined whetherthe rotational rate of the drum has reached 
a predetermined rotational rate (balance rotational rate). If the rotational rate of the drum has reached the predeterminod 
rotational rate (Yes), the rotational rate is maintained (S67) and the operation returns to Step 61 (S61 ), from where the 
above procedure will bo repeated At Sop 66 (S66), if tho rotational rate of the drum has not reached tho predetermined 
rotational rate (No), the operation goes to Step 68 (S68) where the rotation of the drum 203 is accelerated until the 
rotational rate reaches the predetermined rotational rate ana then the operation returns to Step 61 (S61), form where 
the above procedure will be repeated. 

[0153] Now. the above process which has been described with the flowchart will bo explained with reference to the 
charts for explaining mode transition (acceleration) shown in F gs 48 and 49, wherein the abscissa represents time 
(sec > and the ordinate represents the rotationa' rate of the dru^ Those charts arc to show tne basic orocedures of 
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ccnfrsii.ng the rotatoria: -ate of the rir^rr wTh :ro p^ssr.^t a' : 're Particularly F.g shows .-. raso of mod- re- 
trans trot 

[0154} Mext the balance rotat onai rate wi!i be cicscribed Here consider an example n which materials to be proc- 
essed ^clotnes) is loaded nto the crum 203 having an inside d ameter of 46 cm In this case .n order to make the 
matcials to be processed stick to the drum 203 it is necessary to rotate the drum 203 so that tne acceleration of a 
mass point located cn the inner surface of the peripheral wall o* the drum 203 will be at ieast equal to or greater than 
the grav tat.onal acceleration When the radius of the drJm 203 is representee by V the following relations of a rotational 
-ate o f the drum 203 a circumferential velocity V and an acceleration a will hold: 

v 2::rn (I) 

a - v 2 /r (II) 

Now suppose that r-- 0.23 m a 9 8 m/s 2 then the rotationa rate 'n' is 63 rpm. However, this case corresponds to 
the case where the materials to be processed have no thickness and therefore this situation is not practical. 
[0155] Therefore, explained will be the case where the thickness of the materials to be processed is considered. As 
the drum 203 starts to rotate the materials to be processed will be pressed against the inner peripheral wall of the 
drum 203 by the centrifugal force as shown in Pig.bO so that a hollow will be formed in the central pan of the drum 203. 
Accordingly when the acceleration of a mass point which is located at the average radius of the hollow is equal to or 
greater than the gravitational acceleration, the materials as a whole will stick to the inner peripheral wall of the drum 
203 as long as the materials are distributed evenly or without any unbalance. Even if there is a portion which causes 
unbalance, as shown in the projected portion in Fig. 42. the acceleration of a mass point at the projected portion will 
become smaller than the gravitational acceleration and therefore the processed material will become able to move 
(or fall) As a result, the part of the materials to be processed corresponding to the mass point, w thout sticking to the 
peripheral wall of the drum 203, will become able to move little by little to change the condition of balance or distribution 
of the materials to be processed. Thus, the rotational rate of the drum 203 should be selected so that the acceleration 
of the mass point at the average radius of the hollow may become substantially equal to the gravitational acceleration. 
In this way. the balance rotational rate can be obtained. 

[0156] Suppose, for example, the average diameter of the hollow is 24 cm. In order to make the acceleration of a 
mass point located at the radius equal to the gravitational accelerat on the rotational rate *n' is calculated to be 86 rpm 
from the above formulae (I) and (II) Similarly when the average diameter is 26 cm, the rotational rate 'n' is 83 rpm In 
practice, the optimum balance rotational rate was determined empirically. The result obtained was shown in Fig. 51. 
From this chart the balance rotational rate varies depending upon the amount of clothes (materials to be processed). 
More specifically, the rate becomes greater as the amount of clothes is larger. Here, the drum 203 used in this exper- 
iment had a capacity of 6 kg (an inside diameter of 46 cm) 

[0157] Next, the predetermined period V will be explained If this predetermined period V is too short, there occurs 
a risk that the vibrating signal might be judged as small even when the vibration has not converged sufficiently, thus 
possibly causing a large vibration after the transition to the high speed rotation mode. In contrast, if the predetermined 
period V is too long, it could happen to miss a chance of the timing of transition to the high speed rotation mode. As 
shown in Fig. 42, if there is an uneven distribution of clothes inside the drum 203, the water tank 202 containing the 
drum 203 will sway once to each direction (horizontally) while the drum 203 makes one revolution. Therefore, it is 
possible to judge whether there is an uneven distribution for every half revolution. This means that the predetermined 
period V needs to be at least a period during which the drum 203 makes a half revolution. It was found experimentally 
that the predetermined perioo V should most preferably be a period which corresponds to a half to one revolution of 
the drum. Fig 52 shows a relation between the amount ol clothes (materials to be processed) and the predetermined 
period V. 

[0158] In Fig 52. when the amount of clothes is 5 kg and 6 kq the predetermined period V becomes smaller than 
the period for allowing drum 203 to make a half revolution. Howeve r , for those cases, it was detected in the experiment 
that uneven distribution of clothes was too small This can be explained as follows: As an increased amount of clothes 
is loaded into the limited capacity of the drum 203. the hollow which will be formed in the central par. of the drum 203 
becomes small. Therefore uneven distribution of the same level will cause less influence and consequently, the pcr- 
m ssible amount of unbalance will become large As a result, it is possible to make the reference value (±P) large in 
practice when the reference value (±P) is fixed as in the caso for the other amount of clothes the predcterm nod period 
V should bo adjusted Therefore it is possib.c tc set the predetermined pcr.od V at a time cquai to or shorter than the 
period for a hai f revolution of the drum 
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[0159J Subsequently referring to the flowchart in Fig 53 description will be made of a case where the balance rota- 
ticna: rate and the p r edetermined perxd V w.s: be varied :n accordance with the amount of mater. ais to be processed 
(c othes). in Fig. 53 first, the amount of ciothes s detected at Step 71 (S71). Typically. the r e are two types of means 
fo r detecting the amount of clothes One type is to determine it based on the absorbed amount of water into laundry. 

5 That is after laundry is loaded into the rotatable drum, the washing operation is started. Then, the water supply valve 
is opened to supply water from the top of the water tank. When the water-level sensor detects a preset level, the drum 
will rotate. As the laundry absorbs the water the water level lowers. Wnen the water-level sensor oetects the reduction 
of the level of water the water supply valve will be opened to restart water supply. T he amount of water supplied at 
thts time is used to determine the amount of the laundry 

w [0160J The other method uses the inertia of laundry. First, laundry is loaded into the rotatabte drum Before starting 
the washing operation, the motor is activated to rotate the drum without water. The rotation of the drum is controlled 
to accelerate the drum to the nign soeed rotation so that the laundry will uniformly be attached to the inner peripheral 
wall of the drum by centri f ugal force. After the drum has been rotated for a predetermined time, the motor will be 
deactivatea. The period from the deactivation until the drum stops will become long if a large amount of clothes is 

'5 loaded and will become short if a small amount is loaded. That is the time to the stoppage will be proportional to the 
amount of clothes. This property is used to detect the amount of clothes. This embodiment uses the latter method. 
[01 61 ] After the amount of clothes is detected at Step 71 (S71 ) in the manner as stated above, based on the detected 
amount of domes, the optimum balance rotational rate and the optimum predetermined time V are obtained from Figs. 
51 and 52. respectively Then the data on the balance rotationa rate and the data on the predetermined period V are 

"0 rewritten. Thus the rewritten balance rotational rate and predetermined period V are adopted as the conditions for 
dehydration, and the operation will be performed in accordance with the flowchart in Fig. 46. 

[0162] Although in the above description of this embod.ment a drum type drying/washing machine which performs 
washing, dehydration and drying was explained the present invention can also be applied to drum type washing ma- 
chines which perform washing and dehydration, to drum type dryers dedicated only to drying. Further, the above de- 
^5 scription of the embodiment has been made of a drum type drying/washing machine of a front loading type using a 
single shaft-supported drum. The present invention, however, can be applied to a double shaft-supported type or a top 
loading type. 

30 Claims 

1 . A drum type drying/washing machine for performing washing through drying, comprising: 

a drum, incorporated rotatably inside the machine body for accommodating laundry; 
35 a driving means for rotationafly driving said drum. 

an air-blowing means for bringing air exhausted from said drum again into said drum through a circulating 
passage 

a dehumidifying means for dehumidifying the air inside the circulating passage by cooling the air using cooling 
water. 

■to a heating means for heating the air dehumidified by said dehumidifying means; 

an exhausted air temperature detecting means for detecting the temperature of the air exhausted from said 
drum; and 

a control means for controlling said driving means and said heating means based on the temperature detected 
by said exhausted air temperature detecting means, 

wherein said control means controls said heating means to turn on the electricity at a final dehydration op- 
eration prior lo shifting to a drying operation and controls said driving means such that dehydration is performed 
even during the drying operation. 

so 2. The drum type drying/washing machine according to claim 1 . further comprising an input means for inputting to 
said control means an option of whether said heating means is allowed to turn on the electricity after the completion 
of the final dehydration operation without shifting to the drying operation. 

3. The drum type drying/washing machine according to claim 1 wnerein said control means controls said driving 
55 means to rotate said drum at a predetermined high speed ^nd to thereafter stop the drivirg to said drum and 

cetects time from the stop of the driving until said drum rotating Cue to inertia stands still to estimate the weight of 
rne sundry 
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4. The drum type drying/washing machine according lo claim 1 wherein the circulating passage nas a hatch capab e 
cf opening/closing to discharge the air inside the circulating passage out of the machine body, and said ccntroi 
means opens said hatch oased on a temperature detected oy sa d exhausted ar temperature detecting means. 

5 5. A drun- type drying/washing machine comprising 

a drum, supported rotatably inside a housing, for accommodatirg materials to be processed: 
a driving means for rotationaliy driving said drum 

a control means for control ing said driving means to shift to a high speed rotation after said drum is rotated 
w at a low speed at which the materials to be processed can roll over inside said drum: and 

an unoalance detecting means for detecting uneven distribution of the materials to be processed inside sad 
drum. 

wherein said control means controls said driving means such that said drum is rotated in a low speed rotation 
is at a balance rotationa, rate at which part of the materials to be processed around the rotary central axis of said 

drum can roll over, and said control means allows said driving means to accelerate said drum to the high speed 
rotation only when output from said unbalance detecting means is equal to or less than a predetermined level 

6. The drum type dry ng/washing machine according to claim 5, further comprising a supporting body supported 
20 inside said housing so as to be able to vibrate and enclosing said drum, wheiein said unbalarce detecting means 

is disposed on said supporting body and comprises a vibration detecting means for detecting displacement of said 
supporting body, and said control means allows said dnving means to accelerate said drum to the high speed 
rotation only when output from said vibration detecting means is equal to or less than a predetermined value white 
said drum is rotating at the balance rotational rate. 

25 

7. The drum type drying/washing machine according to claim 6, wherein said vibration detecting means is to output 
a vibrating waveform in accordance with the vibration of said supporting body, and said control means allows said 
driving means to accelerate said drum to the high speed rotation when at least one of peak-to-peak values in the 
vibrating waveform is equal to or less than a predetermined value and said vibrating waveform outputted from said 

30 vibration detecting means intersects a zero-level line 

8. The drum type drying/washing machine according to claim 7 wherein output from said vibration detecting means 
is processed through a low pass filter 

35 9. The drum type drying/washing machine according to claim 5 wherein the balance rotational rate is a value when 
the acceleration of a mass point on the inner peripheral wall of said drum is equal to or greater than the gravitational 
acceleration 

10. The drum type drying/washing machine according to claim 6, wherein when in the low speed rotation the output 
40 from said vibration detecting means exceeds the predetermined value within a predetermined period of time, said 

control means controls said driving means such that said drum is stopped or is rotated at a tower rotational rate 
than the balance rotational rate and thereafter said drum is rotated again at the restored rotational rate. 

11. The drum type drying/washing machine according to claim 6 wherein when in the :ow speed rotation the output 
J5 from said vibration detecting means exceeds the predetermined value within a predetermined period of time, said 

control means controls said driving means such that in the high speed rotation said drum is rotated at a lower 
rotational rate than a rotational rate in the normal high speed lotation. 

12. The drum type drying/washing machine according to claim 6. wherein when in the low speed rotation the output 
so from said vibration detect ng means exceeds the predetermined value within a predetermined period of time, said 

control means controls said driving means such that in the high speed rotation said drum is rotated at a lower 
rotational rate than a rotational rate in the normal high speed rotation and is rotated for a longer period of time 
than a oeriod of time in the normal high speed rotation 

55 13. The drum type drying/washirg machine according to claim 7 wherein only when a predetermined number of peak- 
to-peak values in a row are all equal to or less than the predetermined value, said controlling means controls sa d 
driving means to accelerate said drum to the high speed rotation 
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14. The drum type drying/washing machine according tc claim 7 wherein when said drum has not started rotating 
w.th acceIe r ation within a predetermined period of time after sa d controlling means outputs a signal for accelerating 
saio drum to the high speed rotation, said control means increases the number of pcak-to-peak values to be used 
for the next judgement 

15. A drum type dry ng/washing machine, compris ng 

a drum supported rotatably inside a housing, for accommodating materials to be processed; 
a driving means for rotatiorally driving said drum 

a control means for controlling said driving means to shift to a high speed rotation after said drum is rotated 

at a low speed at which the materials to be processed can roll over inside said drum; and 

an unbalance detecting means for detecting uneven distribution of the mateiials to be processed inside said 

drum. 

wherein said control means controls said driving means such that said drum is rotated in a low speed rotation 
at a balance rotational rate above which the materials to be processed as a whole stick to the inner peripheral wall 
of said drum, and said control means allows said driving means to accelerate said drum to a high speed rotation 
when output from said unbalance detecting means is equal to or less than a predetermined level. 

16. The drum type drying/washing machine according to claim 15. further comprising a supporting body supported 
inside said housing so as to be able to vibrate and enclosing said drum, wherein said unbalance detecting means 
is disposed on said supporting body and comprises a vibration detecting means for detecting the vibration of said 
supporting body in the direction perpendicular to the rotary central axis of said drum, and when said control means 
controls said driving moans to rotate said drum at the balance rotational rate and judges that conditions that the 
absolute value of output from said vibration detecting means is equal to or less than a reference value continues 
for a predetermined period of time, said control means allows said driving means to accelerate said drum to the 
high speed rotation. 

17. The drum type drying/washing machine according to claim 16. 

wherein said control means changes the balance rotational rate in accordance with an amount of the materials to 
be processed. 

18. The drum type drying/washing machine according to claim 16. 

wherein the waveform of the output from said vibration detecting means is processed through a low pass filter of 
about 3 Hz. 

19. The drum type drying/washing machine according to claim 16. 

wherein the predetermined period of time is set to be equal to or longer than a period of time during which said 
drum rotates in a half revolution and is set to be equal to or shorter than a period of time during which said drum 
rotates in one revolution. 

20. The drum type drying/washing machine according to claim 1 7. 

wherein said control means changes the predetermined period of time in accordance with the balance rotational 
rate. 
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FIG. 7 
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FIG. 12 
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FIG. 22 
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FIG. 24 
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FIG. 26 
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FIG. 28 
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FIG. 31 
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FIG. 44 A 
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FIG.47A 
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